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ABSTRACT 
Ultrasound velocity (u), density (p) and viscosity 
coefficient (r|) values have been measured for ternary systems 
(amino acid + urea + water): L- lysine monohydro chloride/ L-
arginine / L-histidine + 0.5 M aqueous urea solutions and 
(saccharides + amino acid + water) : D - glucose/ sucrose / 
Maltose + 0.5M aqueous L- lysine monohydro chloride / L-
arginine solutions as a functions of concentration at different 
temperatures: 298.15, 303.15, 308.15, 318.15 and 323.15 K. The 
measured density values exhibit usual increasing trend of 
variation with an increase in amino acid / saccharide 
concentration and a decreasing trend with an increase in 
temperature for the systems under investigation. The ultrasonic 
velocity values have been found to be increasing with an increase 
in concentration and temperatures in all the systems studied. The 
increase in ultrasound velocity values with an increase in amino 
acids concentration has been attributed to an over all increase in 
cohesion in solution brought above the solute-solute and solute-
solvent interaction. Using ultrasonic velocity and density data, the 
parameters such as isentropic compressibility (Ks), change (AKs) 
and relative changes (AKs / Ko) in isentropic compressibility, 
specific acoustic impedance (Z) and relative association (RA) 
have been computed. These parameters provide a basis for 
understanding the type and the extent of inter molecular 
interactions, such as weak a strong or no interaction at all. The 
decrease in compressibility with increase in the thermal breaking 
of solvent components, which results in greater attractive forces 
among the molecules of a solution. Decrease in the Ks values 
with increase in composition is due to greater attractive forces 
among the molecules of a liquid. Specific acoustic impedance 
values exhibit increasing trend of variation with an increase in 
amino acid / saccharide concentration and temperature. 
The apparent molal volumes ((j)v) and apparent molal 
isentropic compressibility ((j)k,s) have been calculated as functions 
of concentration at all temperatures by using density and 
isentropic compressibility values. The (})v value have been used to 
obtain the apparent molal volume at infinite dilution which is also 
know as partial moral volume ((j)v°). In maltose, two glucose units 
are joined by a-1,4 glycoside linkage, so the values of apparent 
molal volume of maltose + amino acid + water system are nearly 
twice in compression to glucose + amino acid + water system. 
The observed (j)v° values for the studied amino acids / saccharides 
in aqueous urea / amino acids medium have been found to be 
positive and larger in magnitude than those of corresponding 
values in aqueous medium. The increase in (j)v° values with an 
increase in temperature has been attributed to the volume 
expansion of hydrated zwitterions of amino acids or a reduction 
in electrostriction. The (|)k,s values has been found negative in the 
systems under investigation. The negative (|)k,s values indicate that 
the water molecules around the amino acids molecules are less 
compressible than the water molecule in the bulk solvent. The 
negative and positive magnitudes of Sy values have been 
explained the terms of weak and strong sotute-sotute interactions, 
respectively. 
The viscosity values exhibit usual increasing trend with an 
increase in amino-acid / saccharide concentration, and a 
decreasing trend with an increase in temperature in all the 
systems under investigation. The trends of variation of calculated 
specific viscosity (r|sp) values with an increase in concentration of 
solute and temperature are similar to those of the viscosity values. 
The relative viscosity (i^ r) data for all the systems have been 
fitted to the Jone-Dole equation in order to evaluate the B-
coefficient values. The (dB/dT) values have obtained from the B-
coefficient values for all the system studied. The structure making 
and breaking effects of the amino acids have been discussed in 
terms of the positive and negative signs of B-coefficient and 
(dB/dT) values. Change in enthalpy (AH*), entropy (AS*) and 
free energy of activation (AG*) have been evaluated from 
viscosity data, AG* has been found to increase linearly with 
temperature. 
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INTRODUCTION 
Proteins are the most abundant biological macromolecules, 
occuring in all parts of the cells. These are the molecular instruments 
through which the genetic information is expressed. Proteins are 
constructed from the same ubiquitous set of 20 amino acids covalently 
linked in characteristic linear sequence. Proteins may be classified on 
the basis of their solubility, shape, biological function or three 
dimensional structures. Studies of organization and thermal stability of 
proteins have been the focus of investigation in biochemistry for 
decades [1]. 
In past, several indirect methods have been used to investigate 
the folding of proteins .Most common among them include the 
determination of amino acids sequence and its correlation with 
structures, the study of refolding experiments using denaturants, 
theoretical modeling using computer simulations and the 
thermodynamic analysis of conformation involved in process of 
folding. The denaturation of globular proteins in aqueous solutions is a 
fundamental biological process which is not yet completely 
understood and remains a subject of extensive investigations [2-4]. In 
the process of denaturation of globular proteins in aqueous solutions. 
the native folded conformation of proteins is converted predominantly 
into an extended unfolded form and during this process various 
changes occur in protein solvation .Thus the study of these solute-
solvent and solute-solute interactions is essential due to their 
important contribution to the energetics of protein denaturation. 
The stabilization of native conformation of biological 
macromolecules is commonly related to several interactions including 
hydrogen bonding, electrostatic interactions and hydrophobic 
interactions. The structure of protein is mostly stabilized by hydrogen 
bonding. These interactions are affected by the surrounding solutes 
and solvent of macromolecules. The structural stability of proteins is 
extensively controlled by the interactions between the protein and the 
surrounding solvent molecules [5]. Solute additives can affect 
macromolecules structure by direct interaction with the 
macromolecule or by indirect action through effects on the structure 
and properties of the solvent or by a combination of both these 
mechanisms [6]. The stability of folded protein structure is marginal 
(only 20KJ/mol to 50KJ/mol) under physiological conditions, which is 
due to the delicate balance among various powerful countervailing 
non-covalent forces [7]. 
Hydration of protein plays a significant role in the stability, 
dynamics, structural characteristics and functional activity of these 
biopolymers. Since proteins are large complex molecules, the direct 
study of protein-water interaction is difficult. Therefore, one useful 
approach is to investigate interaction of those compounds which 
mimic some aspects of proteins in aqueous and mixed aqueous 
solutions [9-11]. These model compounds include amino acids [12-
17], amides of natural amino acids [18-22], dipeptides [23-26] and 
tripeptides [27-28]. Thermodynamic properties of these model 
compounds in aqueous medium provide information about solute-
solvent and solute-solute interactions which in turn help to understand 
several biochemical processes such as protein hydration, denaturation, 
aggregation etc [29-41]. Hydration is widely acknowledged to be one 
of the major forces driving protein recognition events, in particular, 
protein folding/unfolding transitions. 
Amino acids are critical to life and have many functions in 
metabolism. These are also important units in many other biological 
molecules such as forming parts of co-enzymes or as precursors for 
the biosynthesis of molecules such as heme. Depending on the polarity 
of side chains, amino acids vary in their hydrophilic or hydrophobic 
character. The distribution of hydrophilic and hydrophobic amino 
acids determines the tertiary structure of proteins and their physical 
location on the outside structure of the proteins influences their 
quaternary structure. Amino acids when dissolved in water convert 
into zwitterionic form because of ionization of their carboxyl (-
COOH) and amino (-NH2) groups. In physiological media such as 
blood membranes and cellular fluids, the dipolar character of amino 
acids (in presence of certain additives) has an important bearing on 
their biological functions. Therefore, knowledge of water-amino acid 
interactions in presence of electrolytes/ carbohydrates/ surfactants is 
necessary to understand several biological processes occurring in 
living organisms because biological fluids are not pure water but 
contain inorganic and organic compounds. Consequently in recent 
years, there has been considerable interest in the determination of 
various thermodynamic properties of aqueous solutions of amino acids 
and their derivatives [42-49]. Mixed aqueous solvents are used 
extensively in chemistry and other fields to control factors like 
stability, reactivity and solubility of systems [50-51]. 
The amino acids here studied are L-Lysine, L-histidine and L-
Arginine. 
Lysine, an essential amino acid, has a positively charged 8-amino 
group (a primary amine). Lysine is basically alanine with a 
propylamine substituent on the p-carbon. The e-amino group has a 
significantly higher pKa (about 10.5 in polypeptides) than does the a-
amino group. The amino group is highly reactive and often 
participates in reactions at the active centers of enzymes. Proteins only 
have one a amino group, but numerous 8 amino groups. However, the 
higher pKa renders the lysyl side chains effectively less nucleophilic. 
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Specific environmental effects in enzyme active centers can 
lower the pKa of the lysyl side chain such that it becomes reactive. As 
the side chain has three methylene groups, so even though the terminal 
amino group will be charged under physiological conditions, the side 
chain does have significant hydrophobic character. Lysine are often 
found buried with only the 8-amino group exposed to solvent. 
Histidine, an essential amino acid, has as a positively charged 
imidazole ftinctional group. The imidazole makes it a common 
participant in enzyme catalyzed reactions. The unprotonated imidazole 
is nucleophilic and can serve as a general base, while the protonated 
form can serve as a general acid. The residue can also serve a role in 
stabilizing the folded structures of proteins. 
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Similarly Arginine, an essential amino acid, has a positively charged 
guanidino group. Arginine is well designed to bind the phosphate 
anion, and is often found in the active centers of proteins that bind 
phosphorylated substrates. 
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As a cation, arginine, as well as lysine, plays a role in 
maintaining the overall charge balance of protein. In the urea cycle, 
the enzyme arginase cleaves (hydrolyzes) the guanidinium group to 
yield urea and the L-amino acid ornithine. Ornithine is lysine with one 
less methylene groups in the side chain. The discrepancy between the 
frequency of the amino acid in proteins and the number of codons is 
greater for arginine than for any other amino acid. 
To determine the stability of proteins in aqueous solution, their 
native structure is disrupted which is known as the process of 
denaturation [2]. Denaturation means a class of reactions, which lead 
to changes in the structure of macromolecules with no change in 
molecular weight [52]. The term denaturation is defined as change in 
solubility [53], or by simultaneous changes in chemical, physical and 
biological properties [54-55], under some standard reference set of 
conditions [56]. 
Denaturation process presumably involves an unfolding or at 
least an alternation in the nature of the folded structure[57].The term 
denaturation denotes the response of the native protein to heat , acid, 
alkali ,and variety of other chemical and physical agents, which causes 
marked change in protein structure. Denaturation of globular proteins 
in aqueous solutions is a fundamental biological process which is not 
yet completely understood and remains a subject of extensive 
investigations [58-63]. The process of denaturation can be achieved by 
any one of the following methods like increasing temperature, 
changing pH, using denaturants i.e guanidine hydrochloride , urea [64-
68], salts[69-73],organic solvents i.e formamide dimethyl formamide, 
dichloro and trichloro acetic acids, detergents i.e sodium dodecyl 
sulphate , high pressure and ultra sonic homogenization . In the 
present work we have made an attempt to study the effect of 
denaturant urea on amino acids. 
Urea is a bio-molecule, a non-electrolyte and hydrophilic water 
structures breaker [74-76] and is physiologically important compound. 
Aqueous urea and its derivatives are important solvents and have a 
wide range of applications [77]. It causes protein and nucleic acid 
denaturation. Specific interactions of urea with a molecule or changes 
in the solvent structure due to its presence may be responsible for the 
denaturation process. Two concepts have guided the investigation of 
the effect of urea in denaturation during the last 40 years [78]. The 
first is the so-called indirect mechanism in which urea acts indirectly, 
altering the structure of the solvent, which in turn weakens the 
hydrophobic effect. The second is the direct mechanism, which 
proposes that the polypeptide is solvated by both urea and water 
[79] .The indirect mechanism described by Frank and Franks [80] 
considers urea as a "water-structure breaker" that disturbs the ability 
of water to maintain tetrahedral hydrogen bonding. This idea remains 
controversial, and several groups have rejected this concept [81-89]. 
However, it has also been argued that the hydrogen bonds formed by 
water in the solvation shell around urea are more bent than in bulk 
water [90]. In turn, the direct mechanism comprises two aspects: The 
interaction of urea with apolar solutes and the interaction of urea with 
polar solutes mainly via hydrogen bonding. The urea-apolar 
interaction has principally an entropic character. The hydrophobic 
effect is weakened due to the displacement of a water molecule by the 
larger urea molecule from the apolar solvation shell. In this situation 
the released waters will regain entropy [79, 82, 85, 86] .A molecular 
dynamics calculation has indicated that a urea molecule can enter into 
the water structure without breaking it noticeably [91]. Thus, it is 
difficult to classify urea into a structure maker or a breaker. Singh and 
Ram [92] in their studies of the effects of urea, its concentration and 
temperature on water structure have attributed their results to the 
formation of dimer and trimer of urea molecules, the stability of 
which in water seems to be affected significantly by temperature. 
Saccharides are of key importance as these are widely 
distributed in various living organisms and are found with enormous 
range of complexity ranging from simple mono to megadalton 
polysaccharide structures. Saccharides are important due to their 
hydroxyl (-0H) rich periphery, coordinating ability, homochirality, 
steriospecificity and other characteristics [93-97]. The structure of a 
saccharide determines how it interacts with solvent molecules, which 
occurs in manners that are not yet completely understood [98-99]. 
Organisms exploit the water-structuring characteristics of the different 
saccharides in a number of ways, such as to modify the viscosity of 
cellular fluids and to protect them against freezing /dehydration [100]. 
Binary and ternary aqueous solutions of saccharides, inorganic salts, 
alcohols and polyols can also be used as osmotic agents [101]. 
Saccharides readily undergo isomerization and conformational 
changes, they play important roles in many processes such as protein 
folding, cell signaling, fertilization, pathogen binding to host tissues, 
etc, where they may also interact with hydrophobic surfaces. The 
properties of carbohydrate solutions are of considerable interest in 
various aspects of basic researchers and applications. Saccharides and 
their derivatives are important chemicals in life process. Many 
functional features of saccharides in biology are now becoming 
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obvious. Therefore, the increasing interest in biophysical and 
biochemical research is presently being directed towards the novel 
subdiscipline termed "glycobiology" [102]. Many technological 
applications of carbohydrates utilize the exotic rheological properties 
of their aqueous solutions [103], including the control of gelling 
processes [104] and the osmo-regulation of tissues and organs in 
cryoprotective provisions [105-106]. 
In living organisms, interaction of carbohydrates with proteins 
plays a key role in a wide range of biochemical processes. In 
particular, carbohydrates located at cell surfaces are receptors with 
regard to the bioactive structures of hormones, enzymes, viruses, 
antibodies, etc [106]. Therefore the studies of carbohydrate-protein 
interaction are very important in immunology, biosynthesis, 
pharmacology, and medicine. 
In aqueous solution of proteins, there is a cooperative hydrogen 
bonded structure in which water competes as both donor and acceptors 
with the backbone of side chain groups in the protein. When sugar is 
added to the protein solution the individual OH groups of sugar may 
also compete for H-bonding but this effect is very small. The aqueous 
solutions of sugars have lower dielectric constant [107] than pure 
water indicating that the electrostatic interactions should be stronger in 
11 
these solutions than in pure water. However this contribution to the 
stabiUzing effect must be relatively small as compared to the 
hydrophobic interactions. 
Evidence derived from both spectroscopy and thermodynamics 
showed that sugars interact with water to an extent, which depends 
upon their molecular structure. Sugar molecules induce structure in the 
water molecules by surrounding them. The protective action of sugars 
on proteins can be attributed to the fact that sugars may replace a 
certain number of water molecules that are hydrogen bonded to the 
structure in a way similar to water itself creating a hydrophilic 
structure. This would result in a solvent system where the exposed 
peptide attached with non-polar groups in the native protein molecule 
would have a tendency to enter into the protein interior due to 
unfavorable environment produced by sugar molecules [108]. 
However, the understanding of the relationship between saccharide 
structures and their biological function is still far behind that of 
proteins and nucleic acids [109]. 
Analysis of literature data shows that general information about 
the interaction between the carbohydrates and proteins could be 
obtained from X-ray crystallography [110-113], NMR spectra [114], 
computer calculations [115-117] and chromatography data [118-119]. 
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There are also investigations devoted to the kinetics of these 
interactions [120-121]. Recently, attention has been paid, in particular, 
to the rich conformational variety of carbohydrates [122-123]. As a 
part of glycoproteins, glycolipids and other biomolecules, 
carbohydrates due to their conformational flexibity, offer an additional 
"alphabet" in many biological processes, such as signaling, cell-cell 
recognition, and molecular and cellular communication [124]. 
Ultrasonic velocity and viscosity data are the basis of structural 
studies of liquid mixtures. The velocities of ultrasound, isentropic 
compressibilities and viscosities are useful tools in studying the native 
structure and degree of association or dissociation, complex formation, 
and dispersion forces in liquids and their mixtures. Ultrasonic velocity 
and its derived parameters have been extensively used to study the 
molecular interactions in solutions. The compressibility calculated in 
this thesis has been obtained by using ultrasonic interferometer [125-
126]. Ultrasonic velocity along with density data can be employed for 
the computation of various thermodynamic parameters, namely 
isentropic compressibility, change in isentropic compressibility, 
relative change in isentropic compressibility ,specific acoustic 
impedance and relative association etc., which are helpful in knowing 
13 
the nature of different types of interactions that are occurring in a 
solution. 
The solute-solvent interactions have been studied in the light of 
thermodynamic properties viz. the change in isentropic 
compressibility, AKs. Thus the study of AKj will ultimately lead to a 
better understanding of the influence of molecular configuration and 
interactions. Change in isentropic compressibility was evaluated as the 
difference in compressibilities of solvent and solutions [127]. Partial 
molal isentropic compressibility of proteins in solution can be 
contributed by three terms.(i) adiabatic , from the residue- residue 
interactions in the globule interior (ii) relaxational , from the 
structural transformations accompanied from volume changes , and 
(iii) hydrational , from surface atomic group-water interaction . From 
all the three, the hydration part and its temperature dependence is the 
most important and should be quantitatively investigated. Many 
researchers have studied the partial molal isentropic compressibility of 
amino acids [128-131] and revealed the sensitive nature of these 
properties in terms of solute- solvent interactions. Volume and 
compressibility are fundamental thermodynamic parameters that have 
been proved sensitive to solute hydration [132-135]. Volumetric 
measurements have been applied to characterizing conformational 
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states of proteins, including the native, compact, intermediate, flilly 
and partially unfolded states [136-140]. 
The effects of Hydrogen-bonding [141-143], electrostriction 
[144-146], ionization [147-152], hydrophobic interaction [153], and 
zwitterions formation [154] etc on the partial molal volumes of the 
solutes can be estimated. Apparent molal volumes of several a- amino 
acids were determined by Millero et. al [128], who calculated the 
number of water molecules bonded to the charged centers of the a-
amino acids . Apparent molal volume and apparent molal isentropic 
compressibility are very sensitive to interactions between solute and 
solvent .The properties of interest are the apparent molal volume (V(D), 
apparent molal isentropic compressibility ((j)ks) and partial molal 
volume (V<t,°). These properties depend upon the size and 
configuration of the solute molecules. Apparent molal volume (V<i,) 
and apparent molal adiabatic compressibility ((|)ks) have been 
calculated from density (p) and ultrasonic velocity (U) measurements. 
These quantities are very sensitive to interactions between solute and 
solvent and to changes induced in the solvent by the solute as the 
concentration of the latter tend to zero. Specific acoustic impedance 
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(Z) is another parameter used during the present study for reveahng 
the nature of interaction in the medium. 
The transport properties in solutions are studied by measuring 
the viscosity of solution. The viscosity measurements of 
macromolecules provide information regarding the shape and size of 
these molecules [154] and the intermolecular/ interionic interactions in 
solutions. The viscosity data have been interpreted by several workers 
in terms of Jones-Dole equation [155- 159]. The solute-solvent 
interaction and the extent of solute hydration can also be studied in 
terms of B-coefficient in Jones-Dole equation [160]. The B-
coefficient is a measure of effective solvodynamic volume of solvated 
ions/ molecules and is governed by the size and shape effects of solute 
and the structural effects induced by the solute-solvent interactions 
[161]. A positive B-coefficient indicates that the ions tend to order the 
solvent structure and increase the viscosity of the solution, while a 
negative B-coefficient indicates decrease in viscosity. In 1965, 
Tsangaris and Martin studied the structure making/breaking effects of 
amino acids on water in terms of viscosity B-coefficient and its 
temperature deviation, dB/dT values [162]. 
Few workers [163-164] have calculated various thermodynamic 
parameters of activation of viscous flow by least square fitting the 
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density and viscosity data to empirical equations stating their 
dependence on temperature and composition of the mixtures .These 
parameters suggest the type and strength of interaction between the 
components of mixture. 
The change in enthalpy (AH*), entropy (AS*), and free energy 
(AG*), are the thermodynamic parameters, which are criterion for 
predicting the spontaneity or the feasibility of a process. 
Calculation of free energy using molecular dynamics or Monte Carlo 
simulations technique has become a common tool in the study of 
many chemically and biologically important systems [165-166]. 
The present work is divided into two parts. In the first part, an 
attempt has been made to probe the behavior of amino acids (L-
arginine, L-lysine monohydrochloride and L-histidine) in presence of 
0.5M aqueous urea solution as a function of temperature and 
concentration. The denaturant solution of urea disrupts the hydrogen 
bonding in bulk water and this has encouraged us to carry out a 
comparative study of the said amino acids in denaturant aqueous urea 
solution. Consequently, with a view to understanding the 
intermolecular / interionic interactions of amino acids dissolved in 
aqueous urea solutions, the densities, ultrasonic velocities and 
viscosities have been measured as functions of temperature and 
17 
concentration. In the second part, in order to understand tiie effect of 
sugars on amino acid-water system, aqueous solutions of amino acids 
L- arginine (0.5M) and L-lysine monohydrocliloride (0.5M) were 
prepared and varying amounts of three sugars, D(-) glucose, sucrose 
and maltose , were added to these solutions and various physical 
parameters were measured as functions of concentration and 
temperature. 
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^)C4zeume4ttall/ 
EXPERIMENTAL 
2.1. Materials and Method: 
The chemicals and experimental techniques used in this thesis are 
discussed in detail in this section. 
2.2. Chemicals used: 
In the present work, we used three amino acids, three saccharides and 
urea. The details are as follows; 
The amino acids named L-lysine monohydrochloride (>99%), L-
histidine(>99%) and L-arginine(>99%) of analytical grade were 
obtained from Sisco Research Laboratories, (India), and the 
saccharides named D-glucose, Sucrose and Maltose from E. Merc 
(India) Ltd. While urea from Qualigen India Ltd. of Glaxo-smithclime 
India. These chemicals were dried in a vacuum desiccator over P2O5 
for 72 hours before use. The triplicate distilled water (with the specific 
conductivity of 1.29 x 10' Q''.cm"') was used for making all the amino 
acids and Stock solutions. All the solutions were stored in special 
airtight bottles to avoid exposure of solutions to air and evaporations. 
The above amino acids, saccharides and urea were used to perform the 
experimental work for calculation of density, viscosity and ultrasonic 
velocity in a number of model systems listed below; 
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• L-lysine monohydrochloride in aqueous urea solution. 
• L-arginine in aqueous urea solution. 
• L-histidine in aqueous urea solution. 
• D-glucose in aqueous L-lysine monohydrochloride solution. 
• Sucrose in aqueous L-lysine monohydrochloride solution. 
• Maltose in aqueous L-lysine monohydrochloride solution. 
• D-glucose in aqueous L-arginine solution. 
•> Sucrose in aqueous L-arginine solution. 
• Maltose in aqueous L-arginine solution. 
The measurements of density, viscosity and ultrasonic velocity have 
been performed for the above model systems with the help of 
following methods; 
2.3. Measurement of Density: 
Densities of the mixed solvents and amino acid solutions were 
measured using a single-capillary calibrated pycnometer at different 
temperatures. A known amount of test sample was transferred into the 
calibrated pycnometer. The pycnometer was kept for about 30 minutes 
in a thermo-stated water bath for minimizing the thermal fluctuation in 
density. 
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2.3.1. Calibration of pycnometer: 
Pycnometer is an apparatus used for measuring the density of a liquid. 
Single-capillary pycnometer (made of Borosil glass) having a bulb 
with flat bottom capacity ~ 8x10'^ dm^ The capillary, with graduated 
mark, had a uniform bore and was closed by a well-fitted glass cap. 
The marks on the capillary were calibrated using triply distilled water 
at different temperatures. 
The clean and dried pycnometer was weighed and filled with triply 
distilled water. Filled pycnometer was weighed again. The mass of 
distilled water was determined by difference of these two masses. 
Then the pycnometer was immersed in paraffin bath maintained at the 
required temperature, and volume changes were recorded as a function 
of temperature, thus each mark of the stem was calibrated. The 
densities of pure water at various required temperatures have been 
taken from literature for calibration purpose [1]. 
From the known values of mass and density of water, the volume 
corresponding to each mark was calibrated. To check the 
reproducibility of calibration, the same process was repeated with 
different weights of solution using the known volume of calibrated 
pycnometer at each mark and mass of water, the densities at the 
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required temperature were calculated. It was found that accuracy of 
density measurement was within 0.1%. 
2.4. Measurement of Viscosity: 
The viscosities of mixed solvent and the amino acid solutions were 
measured by using calibrated cannon-ubbelhode type suspended level 
viscometer. Flow time measurements were recorded in triplicate with 
a digital stop watch with an accuracy of ±0.0Is. The viscometer was 
kept for about 30 min in a thermo-stated water bath to minimize the 
thermal fluctuation in viscosity. 
2.4.1. Calibration of cannon-ubbelhode viscometer: 
The cannon-ubbelhode viscometer consists of three parallel arms viz. 
receiving, measuring and auxiliary, for forming the suspended level 
arrangement in triangular fashion, the receiving arm forms a 'U' with 
the measuring arm through a bulb 'D' , the measuring arm has two 
bulbs A and B. The measuring arm is engraved with two marks (a and 
b). The two fudicial marks 'a' and 'b' were used on the two sides of 
bulb 'B' for recording the time of fall of the test solution. The 
auxiliary arm was sealed to receiving arm through a bulb ' C . In 
between the bulb ' C and 'B' there lies a capillary of appropriate 
dimensions. It has been designed in such a way that the center of 
gravity of the three bulbs 'A' 'B' and ' C was aligned vertically to 
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reduce the acceleration due to gravity, so that the experimental error 
could be minimized. Special feature of the suspended level viscometer 
was that the capillary effects of the two liquid surfaces were 
neutralized by each other. 
The calibration of viscometer was done by using triply distilled water. 
Adequate amount of distilled water was filled into the bulb 'A' to 
avoid any water bubbles being introduced into the capillary arm while 
fudicial bulb was filled. Now the viscometer was clamped in a 
thermostat paraffin bath for about half an hour to minimize thermal 
fluctuation. Then the distilled water was sucked into the measuring 
bulb with help of vacuum pump. The time of fall of distilled water 
from upper mark 'a' to the lower mark 'b' was recorded several times 
with a digital stop watch with an accuracy of ±0.0Is, and the mean of 
every close reading was determined at each required temperature. 
Viscosities (t]) were calculated using Poiseuille's equation: 
ri = 7chpgr^t/8LV (1) 
where h is the height to liquid column in the viscometer, p the density 
of liquid, g the acceleration due to the gravity, r the radius of capillary 
of the viscometer, L the length of the capillary, t time fall of the test 
liquid of volume V. The expression can also be expressed as; 
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^ = ppt (2) 
(in which p = TuhgrVSLV), 
P is a constant quantity and it is the characteristic of viscometer. Its 
value has been calculated by making use of calculated values of 
viscosities of distilled water at different temperatures. 
The accuracy of the calibrated viscometer was checked by measuring 
the viscosity of distilled water at test temperatures and then comparing 
the experimental values with the reported ones. The triplicate 
reproducibility was found to be within ±0.1%.The viscosity values of 
water at different temperatures were taken from the literature for 
calibration purpose. 
2.5. Measurement of Ultrasonic Velocity: 
The ultrasonic velocity in mixed solvent and amino acid solutions 
were measured by using a single-crystal variable-path multi-frequency 
ultrasonic interferometer (Model: M-84, Mittal Enterprises, Delhi, 
India) with stainless steel sample cell operating at 2 MHz. The 
uncertainty in ultrasonic velocity measurement was within 0.3%. 
2.5.7. Working principle of ultrasonic interferometer: 
An ultrasonic interferometer is a simple and direct device to determine 
the ultrasonic velocity in liquids with a high degree of accuracy. 
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The principle used in measurement of velocity (v) is based on the 
accurate determination of the wavelength (k) in the medium. 
Ultrasonic waves of known frequency (f) are produced by a quartz 
plate fixed at the bottom of the cell. The waves reflected by a movable 
metallic plate are exactly a whole multiple of the ultrasound 
wavelength. Standing waves are formed in the medium. The acoustic 
resonance gives rise to an electrical reaction on the generator, driving 
the quartz plate and the anode current of the generator becomes 
maximum. 
If the distance is now increased or decreased and the variation is 
exactly one half of wave length (X,/2) or a multiple of it, anode current 
again becomes maximum. From the knowledge of wavelength (X), the 
velocity (v) can be obtained by the relation: 
Velocity = Wavelength x Frequency 
V = ;i X f (3) 
2.5,2. Description: 
The ultrasonic interferometer (shows in figure 1) consists of the 
following two parts; 
*l* The high frequency generator 
• The measuring cell 
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The high frequency generator is designed to excite the quartz plane 
fixed at the bottom of the measuring cell at its resonant frequency to 
generate ultrasonic waves in the experimental liquid in the "Measuring 
Cell". A micrometer to observe the changes in current and to controls 
for the purpose of sensitivity regulation and initial adjustments of 
micro ammeter are provided on the high frequency generator. 
The measuring cell is a specially designed double walled cell for 
maintaining the temperature of the liquid constant during the 
experiment. A fine micrometer screw has been provided at the top, 
which can lower or raise the reflector plate in the cell through a known 
distance. 
2.5.3. Adjustment of ultrasonic Interferometer: 
The instrument was adjusted in the following manner; 
• The cell was inserted in the square-base socket and was clamped to it 
by a screw provided on one of its sides. 
• The curled cap of the cell was unscrewed and removed, then the test 
solution was filled in it and the cap was screwed. 
• Water was circulated through the two tubes in the double walled cell 
in order to maintain the desired temperature during the experiment. 
• The cell was connected with a high frequency generator by coaxial 
cable provided with the instrument. 
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• The generator was given 15 seconds warming up time before 
recording readings. 
• The sudden rise or fall in temperature of the circulated liquid was 
avoided to prevent the thermal shock to the quartz crystal. 
For the initial adjustment, two knobs are provided on the high 
frequency generator, one is marked with "Adj" and other with 
"Gain", the knob mark with "Adj" was used to adjust the position of 
needle on the ammeter and the knob marked with "Gain" was used to 
increase the sensitivity of the instrument for greater deflection. The 
micro ammeter was used to record the maximum deflections by 
adjusting the micrometer screw. 
2.5.4. Measurement: 
The measuring cell is connected to the output terminal of the high 
frequency generator through a shielded cable; the cell is filled with the 
experimental liquid before switching on the generator. The ultrasonic 
waves move normal to the crystal till they are reflected back from the 
movable plate and the standing waves are formed in the liquid in 
between the reflector plate and the quartz crystal. 
The micrometer is slowly moved till the anode current on high 
frequency generator shows a maximum. A number of maximum 
readings of anode current are passed and their 'n' is counted. The total 
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distance (d) thus moved by the micrometer gives the value of 
wavelength (k) with the help of the following relation; 
D = n X ?. / 2 (4) 
Once the wavelength (A,) is known, the velocity (v) in the liquid can be 
calculated with help of following relation; 
V = A, X f (5) 
2.5.5. Study with variation in temperature: 
If the variation in the velocity with temperature is to be studied, water 
at various desired constant temperatures is made to circulate through 
the double walled jacket of the cell. The ripples are provided at the 
lower cylindrical portion of the cell for circulating water around the 
experiment liquid. 
2.5.6. Precautions: 
• The generator was switched on after filling the cell by the 
experimental liquid. 
• The experimental liquid was removed from the cell after use. 
<• The micrometer was kept open at 25 mm after use. 
• The sudden rise or fall in the temperature of circulated liquid was 
avoided to prevent thermal shock to quartz crystal. 
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• While cleaning the cell, care was taken not to spoil or scratch the gold 
plating on the quartz crystal. 
• The generator was given 15 seconds warming up time 
before observation. 
n 
L^ 
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2.5.7. Calibration of ultrasonic interferometer: 
The interferometer was calibrated using the speed of sound of water at 
298.15 K. A cell with 2 MHz. frequency was used to measure the 
speed of sound. The cell was filled with 7-8 ml solution and was 
allowed to equilibrate for 30 minutes before taking the readings. 
Average of 10 readings was taken as a final value. The measured 
speed of sound value is accurate up to ± 0.05%. The precession of 
sound speed based on 10 readings was calculated as ± 0.02%. 
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2.6. Temperature control: 
For the measurements of density and viscosity, a thermo-stated 
paraffin bath was used to maintain a uniform temperature. The 
paraffin bath was about 5-litres capacity in which an immersion heater 
(1.0 KW), an electric stirrer (Remi made), a check thermometer and a 
contact thermometer were immersed. A relay [Jumo type NT 15.00, 
220V« 6A (GDR)] was used to control the variation in temperature. 
The thermal stability was found to be ±0.2K. 
The experimental work was performed on pycnometer and ultrasonic 
interferometer (Model: M-84, Mittal Enterprises, Delhi. India) for 
density and ultrasonic velocity values respectively, tlmn the Anton 
Paar DSA 5000M arrived and the whole experimental part was 
repeated on the apparatus to increase the accuracy of the work. 
Anton Par DSA 5000M 
Measuring Principle 
The Anton Paar DSA 5000 M simultaneously measures two physically 
independent properties: density and speed of sound with one sample. 
The two in one instrument is equipped with a density cell and a sound 
velocity cell thus combining the proven Anton Paar oscillating U- tube 
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method with a highly accurate measurement of sound velocity. Both 
cells are temperature controlled by a built- in -Piltier thermostat. 
The osciilating U-tube method 
The sample is introduced into a U-shaped glass tube that is being 
excited to vibrate at its characteristic frequency and a mathematical 
conversion, the density of the sample can be measured. 
The density is calculated from the quotient of the period of oscillations 
of the U-tube and reference oscillator. 
Density = KA x Q^ x/i - KB x/2 
Where KA, KB are apparatus constants; Q is Quotient of the period of 
oscillation of the U-tube divided by the period of oscillation of the 
reference oscillator, / i and ^ , are correction terms for temperature, 
viscosity and non linearity. 
The sound velocity analysis 
The sample is introduced in to the sound velocity measuring cell that 
is horded by an ultrasonic transmitter on the one side, and a receiver 
on the other side. The transmitter sends sound waves of a known 
period through the sample. The velocity of sound can be calculated by 
determining the period of received sound waves and by considering 
the distance between the transmitter and the receiver. 
46 
_ original length x (1 +1.6e - 5 x Atemp) v_ 
TAUxf3 
divison 
Where original length is the original path length of the sound waves 
(factory default = 5000(j,m); Atemp is the temperature deviation to 
20^C; Ps is oscillation period of the received sound waves; Divisor is 
512; TAU is apparatus constant for sound velocity; and; /s is 
correction term for temperature. 
Due to high temperature dependence of the density and velocity of 
sound values, the measuring cells have to be thermostated precisely. 
The densities and sound velocities of the amino acids:L-lysine 
monohydrochloride L-arginine and L-histidine and saccharides : 
D-glucose, Sucrose and Maltose have been experimentally measured 
with ANTON PAAR DSA 5000M Oscillating tube densimeter and 
sound analyzer. The uncertainties in the density and speed of sound 
measurements were within ±5.10' g.cm' and ±0.5 m.s" , respectively. 
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INTRODUCTION 
Although studies on thermodynamics of proteins have been the 
focus of investigations in biophysical chemistry and biophysics since 
long time [1-2], but the thermodynamic stability and folding process 
of proteins are still not fully understood. Therefore, a great deal of 
fundamental information is still required in order to solve many key 
questions related to thermodynamic stability and folding process. The 
most reliable information about the phenomenon of folding would be 
obviously obtained by observing the process under in-vivo conditions, 
where it is believed to take place almost instantaneously during the 
ribosomal synthesis. However, the limitations of the experimental 
techniques in studying such fast in-vivo processes turn out to be a 
major impediment to obtaining such direct information. In the past, 
several indirect methods have been used to investigate the folding of 
proteins. Most common among them include the determination of 
amino acid sequence and its correlation with structure [3],the study of 
refolding experiments using denaturants [4],theoretical modeling 
using computer simulations [5], and the folding process [6-7]. Results 
obtained from these methods have provided a fairly general 
understanding of the phenomenon, but some concepts of fundamental 
importance still remain to be explored. It has been recognized that in 
49 
the absence of experimental thermodynamic data of proteins, amino 
acids can serve as useful models in estimating their properties [8]. 
Therefore, it is useful to extend the study of amino acids and peptides 
in aqueous non-electrolyte system as biological fluids are not pure 
water. A small change in water structure can greatly inhibit the 
physiological reactions in tissues or cells, which are made up of 
biological macromolecules. The change in water structure can be 
brought about by the presence of non-electrolytes. Sometimes, these 
changes are helpful in controlling undesired physiological reactions 
occurring in living organisms [9-13]. Thus, the study of the effect of 
non-electrolytes on model compounds of biological macromolecules is 
of fundamental importance. The study of volumetric and viscometric 
properties of these model compounds with saccharides is very useful 
to obtain information about various types of interactions in solutions. 
Most of these interactions are hydrophobic and electrostatic. 
Moreover, the study of these interactions can give valuable 
information about various biochemical processes such as protein 
hydration, aggregation and denaturation etc. There have been a 
number of physico-chemical studies of some amino acids in aqueous 
carbohydrate solutions [14-22], most of these studies involved amino 
acids with non-polar, polar and uncharged R groups. But studies of 
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amino acids having positively charged side chains with aqueous 
carbohydrate solutions are limited [17, 23]. These considerations led 
us to undertake the study of different carbohydrates in aqueous 
solutions of amino acids with positively charged R groups. 
In this chapter, we report the volumetric and viscometric study 
of saccharides (D-glucose, sucrose and maltose) in aqueous solutions 
of a- amino acids (L-lysine monohydrochloride and L-arginine). The 
volumetric properties viz apparent molal volume/partial molal volume 
values of a solute in solution have proved to be reflective of and 
sensitive of solute-solvent and solute-solute interactions. These 
properties represent useful observables for studying the hydration 
properties of biomolecules. Whereas, viscometric studies are useful 
for studying the transport properties of liquids. 
Theory and calculations 
Using the measured density and viscosity data, the following 
thermodynamical parameters have been calculated using the standard 
relations. 
Apparent molal volume was evaluated using the following equation 
10QQ(p, - p) , M 
v^ = -h — (0 
mp^p p 
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Where m is the molality of saccharides in solution (mol. kg''), M is 
the molar mass of saccharide, P and P o are densities of (saccharide + 
amino acid + water) ternary solutions and (amino acid + water) binary 
solutions, respectively. 
The standard-state (infinite dilution) partial molal volume, Y^ values 
were obtained by least squares fitting to the equation 
Vcp = Va," + Sv m (ii) 
Where Sv is the experimental slope. 
Limiting apparent molal volume of transfer of each saccharide, AVtr 
from water to aqueous amino acid solutions was calculated using the 
equation. 
AVtr= Vo) (amino acid + water) - V$ (water) (iii) 
The entire viscosity data has been analyzed in the light of Jones-Dole 
semi empherical equation [24]. 
Tj/rio = 1+Am'^ ^ + Bm (iv) 
Where: 
r| and rio = The viscosities of the solution and solvent, respectively 
m = The molar concentration of the solute - solvent system 
A and B are constants which are definite for a solute - solvent system. 
A is known as the Falkenhagen coefficient [25-26] which 
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characterizes the ionic interaction and B is the Jones - Dole [24] 
coefficient or viscosity B-coefficient which depends on the size of the 
solute and the nature of solute - solvent interaction. 
The ratio of solution to solvent viscosity (r|/rio) is the relative 
viscosity, 
Tlrel = 'n/'no ( V ) 
The change in viscosity is generally expressed in terms of specific 
viscosity [4]. 
risp = 'n/rio-l (vi) 
Viscosity data has also been used for the calculation of solute 
activation parameters [27]. The free energy of activation for viscous 
flow is given by Erying viscosity equation [28], 
Ti = hN/Vn, e^ "^ *^ '^ )^ (vii) 
Where, 
h = planck's constant 
N = Avogadro's number 
R = universal gas constant 
Vm = Molar volume of the mixture 
Molar volume of the mixture has been calculated from the 
corresponding mixture densities by the following relation: 
53 
i P /= 1,2,3 (viii) 
The activation energies AG* for viscous flow of the solute at different 
temperatures have been calculated using the relation: 
AG* = AH*-TAS* (ix) 
Where, 
AH* = Enthalpy of activation for the viscous flow of solute. 
AS* = Entropy of activation for the viscous flow of solute. 
From equation (vii) and (ix), we get, 
AG* 
AH* 
= RTln 
-TAS* . 
hN 
(X) 
By plotting RT In -^-^ vs. T x 10' , we found that the plots show a 
quite linear trend. From these linear plots AH*values have been 
obtained from the slopes, while AS* values from intercepts. 
By putting the values of AH*and AS*in equation (ix) we can evaluate 
the free energy of activation AG* at different temperatures. 
RESULT AND DISCUSSION 
The measured density data of saccharides (maltose, sucrose and D-
glucose) in 0.5 M (mol Kg"') aqueous solutions of amino acids (L-
Arginine and L-Lysine monohydrochloride) at various temperatures 
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(298.15, 303.15, 308.15, 313.15, 318.15 and 323.15) K are given in 
table 1.1 (a-f). The values of density of these systems were found to 
exhibit the usual decrease with an increase in temperature and 
increases with an increase in concentration [fig. 1.1 (a-f)]. 
For the saccharides studied, the apparent molal volume (Vo) values 
[table 1.2 (a-f)] were found to be positive and linear function of the 
molality over the entire range studied. 
The standard state (infinite dilution) partial molal volume is 
o 
satisfactorily represented by V^ which is independent of the solute-
solute interaction and provides information concerning solute-solvent 
o 
interactions. Table 1.3 (a-b) reveals that the values of Y^ are positive 
for all saccharides studied and increase with increase in solute 
o 
concentration and temperature [fig 1.3( a-b)]. Similar trends in Vd, 
have also been reported by Ali et al. [29] for amino acids in aqueous-
glucose solution and Nain et al. [23] for L-histidine in aqueous-
o 
glucose solution. The observed V<D values increase in order of maltose 
>sucrose > D-glucose in both the amino acids studied. In maltose, two 
glucose units are joined by a-1,4 glycosidic linkage, so the Vd," values 
of maltose + amino acid + water system are expected to be nearly 
twice in comparison to glucose + amino acid + water system . Large 
positive values suggest the presence of strong solute- solvent 
interactions in these systems. 
55 
Table 1.1(a) Densities, p (g.cm'^) of D-Glucose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg'* 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.0210 1.0194 1.0176 1.0157 1.0138 1.0119 
0.049 1.0239 1.0223 1.0205 1.0186 1.0167 1.0148 
0.099 1.0268 1.0252 1.0234 1.0215 1.0197 1.0178 
0.149 1.0296 1.0281 1.0263 1.0244 1.0225 1.0207 
0.200 1.0325 1.0309 1.0292 1.0273 1.0254 1.0236 
0.251 1.0353 1.0337 1.0320 1.0302 1.0283 1.0265 
Table 1.1(b) Densities, p (g.cm"'') of Sucrose in 0.5 M aqueous L-Arginine 
solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg-^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.0210 1.0194 1.0176 1.0157 1.0138 1.0119 
0.049 1.0266 1.0250 1.0232 1.0213 1.0195 1.0179 
0.100 1.0322 1.0306 1.0288 1.0270 1.0251 1.0241 
0.152 1.0377 1.0361 1.0344 1.0325 1.0307 1.0289 
0.205 1.0431 1.0416 1.0398 1.0381 1.0362 1.0343 
0.259 1.0484 1.0469 1.0451 1.0433 1.0415 1.0397 
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Table 1.1(c) Densities, p (g.cm'^) of Maltose in 0.5 M aqueous L-Arginine 
solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg"^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.0210 1.0194 1.0176 1.0157 1.0138 1.0119 
0.049 1.0268 1.0252 1.0234 1.0215 1.0196 1.0177 
0.100 1.0326 1.0310 1.0292 1.0273 1.0254 1.0235 
0.152 1.0380 1.0367 1.0349 1.0330 1.0311 1.0292 
0.205 1.0468 1.0451 1.0431 1.0410 1.0389 1.0369 
0.251 1.0523 1.0506 1.0485 1.0464 1.0444 1.0424 
Table 1.1(d) Densities, p (g.cm"^) of D-glucose in 0.5 M aqueous L-Lysine 
monohydrochloride solutions as fiinction of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.0214 1.0198 1.0180 1.0161 1.0142 1.0123 
0.049 1.0245 1.0228 1.0210 1.0191 1.0172 1.0153 
0.099 1.0276 1.0260 1.0241 1.0222 1.0203 1.0183 
0.149 1.0307 1.0291 1.0272 1.0253 1.0233 1.0213 
0.200 1.0338 1.0322 1.0303 1.0284 1.0262 1.0243 
0.251 1.0369 1.0353 1.0334 1.0314 1.0294 1.0274 
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Table 1.1(e) Densities, p (g.cm') of Sucrose in 0.5 M aqueous L-Lysine 
monohydrochloride solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg'^  298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.0214 1.0198 1.0180 1.0161 1.0142 1.0123 
0.049 1.0271 1.0255 1.0237 1.0219 1.0198 1.0179 
0.100 1.0328 1.0313 1.0295 1.0275 1.0256 1.0237 
0.152 1.0384 1.0370 1.0351 1.0332 1.0314 1.0294 
0.205 1.0445 1.0427 1.0410 1.0391 1.0371 1.0352 
0.259 1.0494 1.0478 1.0459 1.0440 1.0420 1.0409 
Table 1.1(f) Densities, p (g.cm"^) of Maltose in 0.5 M aqueous L-Lysine 
monohydrochloride solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg' 298.15 ^03.15 308.15 313.15 318.15 323.15 
0.000 1.0214 1.0198 1.0180 1.0161 1.0142 1.0123 
0.049 1.0274 1.0257 1.0239 1.0220 1.0201 1.0182 
0.100 1.0335 1.0318 1.0299 1.0281 1.0261 1.0242 
0.152 1.0396 1.0379 1.0361 1.0341 1.0322 1.0302 
0.205 1.0457 1.0440 1.0421 1.0401 1.0382 1.0362 
0.251 1.0509 1.0491 1.0472 1.0453 1.0433 1.0413 
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Table 1.2(a) Apparent molal volume V,^  (cm^mol'') of D-Glucose in 0.5 M 
aqueous L-Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg-^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 114.08 114.33 114.65 114.99 115.34 115.60 
0.099 114.03 114.28 114.59 114.94 115.28 115.52 
0.149 113.94 114.18 114.55 114.82 115.16 115.39 
0.200 113.87 114.11 114.46 114.69 115.07 115.30 
0.251 113.79 114.03 114.32 114.43 114.87 115.15 
Table 1.2(b) Apparent molal volume Vo (cm^mol"') of Sucrose in 0.5 M 
aqueous L-Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 213.66 214.33 214.91 215.54 216.18 216.60 
0.100 213.55 214.27 214.82 215.44 216.06 216.51 
0.152 213.47 214.20 214.74 215.33 215.94 216.40 
0.205 213.36 214.12 214.63 215.21 215.80 216.35 
0.259 213.27 214.07 214.61 215.18 215.75 216.30 
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Table 1.2(c) Apparent molal volume Vo (cm^mol"') of Maltose in 0.5 M 
aqueous L-Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 226.80 227.73 228.79 229.90 230.99 231.75 
0.100 226.63 227.55 228.59 229.69 230.79 231.55 
0.152 226.57 227.27 228.43 229.59 230.46 231.35 
0.205 226.45 227.10 228.27 229.40 230.10 231.27 
0.251 226.34 226.90 228.19 229.26 229.86 231.07 
Table 1.2(d) Apparent molal volume V$ (cm^.mol'') of D-glucose in 0.5 M 
aqueous L-Lysine monohydrocloride solution as functions of concentration 
and temperature. 
m/ Temperature/K 
mol.kg"^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 115.39 115.87 116.36 116.86 117.36 117.87 
0.099 115.36 115.70 116.23 116.72 117.22 117.73 
0.149 115.31 115.59 116.08 116.64 117.14 117.64 
0.200 115.26 115.54 115.82 116.50 117.07 117.59 
0.251 115.20 115.48 115.70 116.40 116.97 117.55 
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Table 1.2(e) Apparent molal volume V<i, (cm'^.inor') of Sucrose in 0.5 M 
aqueous L-Lysine monohydrocloride solution as functions of concentration 
and temperature. 
m/ Temperature/K 
moLkg-^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 222.38 222.75 223.15 223.55 223.95 224.36 
0.100 222.27 222.58 223.05 223.45 223.80 224.20 
0.152 222.09 222.51 222.96 223.36 223.70 224.10 
0.205 221.95 222.30 222.85 223.16 223.60 224.06 
0.259 221.89 222.28 222.72 223.08 223.50 223.96 
Table 1.2(f) Apparent molal volume V<D (cm^.mol"') of Maltose in 0.5 M 
aqueous L-Lysine monohydrocloride solution as functions of concentration 
and temperature. 
m/ Temperature/K 
mol.kg-^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 234.02 234.79 235.20 235.81 236.43 237.06 
0.100 233.98 234.68 235.09 235.70 236.32 236.93 
0.152 233.83 234.50 235.00 235.50 236.10 236.76 
0.205 233.62 234.30 234.94 235.41 235.92 236.60 
0.251 233.45 234.15 234.80 235.29 235.80 236.50 
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Table 1.3(a) Partial molal volume, Y^" (cm^mol"') and experimental slope Sv 
(cm^mol.'^''ll''^) of D-Glucose, Sucrose and Maltose in 0.5 M aqueous L-
Arginine solution as functions of temperature. 
D-Glucose Sucrose Maltose 
Temp./K V<i, Sy Vo Sy V^ S V 
298.15 114.16 -1.48 213.75 -1.95 226.88 -2.15 
303.15 114.41 -1.54 214.40 -1.38 227.93 -4.14 
308.15 114.75 -1.58 214.97 -1.58 228.90 -2.99 
313.15 115.18 -2.74 215.65 -1.90 230.03 -3.08 
318.15 115.48 -2.30 216.28 -2.40 231.31 -5.79 
323.15 115.72 -2.23 216.81 -2.28 231.88 -3.27 
O T 1 
Table 1.3(b) Partial molal Volume Vo (cm .mol") and experimental slope Sv 
(cm .mol.' .1 ) of D-Glucose, Sucrose and Maltose in 0.5 M aqueous L-Lysine 
monohydrocloride solution as functions of temperature. 
D-Glucose Sucrose Maltose 
Temp./K Vo° Sv Vo," Sv Vo" Sv 
298.15 115.44 ^096 222.45 3^60 232.82 -3.00 
303.15 115.91 -1.85 222.86 -2.56 233.85 -3.32 
308.15 116.55 -3.46 223.26 -2.12 234.50 -1.90 
313.15 116.96 -2.28 223.69 -2.48 235.65 -2.66 
318.15 117.43 -1.86 224.05 -2.20 236.61 -3.32 
323.15 117.91 -1.56 224.41 -1.84 237.20 -2.90 
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Fig 1.1(a) Densities, p (g.cm ) of D-Clucose in 0.5 IVl aqueous L-Arginine solution as 
function of concentration and temperature. 
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Fig 1.1(b) Densities, p (g.cni ) of Sucrose in 0.5 IVl aqueous L-Arginine solution as 
function of concentration and temperature. 
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Graph 1.1(c) Densities, p (g.cm') of Maltose in 0.5 IVI aqueous L-Arginine solution as 
function of concentration and temperature. 
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Graph 1.1(d) Densities, p (g.cm"') of D-glucose in 0.5 M aqueous I^Lysine 
monohydrocloride solution as function of concentration and temperature. 
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Graph 1.1(e) Densities, p (g.cm') of Sucrose in 0.5 M aqueous L-Lysine 
monohydrocloride solution as function of concentration and temperature. 
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Graph 1.1(f) Densities, p (g.cm'^) of Maltose in 0.5 M aqueous L-Lysine 
monohydrocloride solution as function of concentration and temperature. 
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Graph 1.2(a) Apparent molal volume VO (cm^mor") of D-Glucose in 0.5 M aqueous L-
Arginine solution as function of concentration and temperature. 
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Graph 1.2(b) Apparent molal volume V4> (cm\mor') of Sucrose in 0.5 M aqueous L-
Arginine solution as function of concentration and temperature. 
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Graph 1.2(c) Apparent molal volume VO (cm^mor') of Maltose in 0.5 M aqueous L-
Arginine solution as function of concentration and temperature. 
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Graph 1.2(d) Apparent molal volume VO (cm\mor') of D-glucose in 0.5 IM aqueous L-
Lysine monohydrocloride solution as function of concentration and temperature. 
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Graph 1.2(e) Apparent molal volume V<I) (cm^mol"') of Sucrose in 0.5 M aqueous L-
Lysine monohydrocloride solution as function of concentration and temperature. 
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Graph 1.2(f) Apparent molal volume VO (cm^mo^') of Maltose in 0.5 M aqueous L-
Lysine monohydrocloride solution as function of concentration and temperature. 
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Fig 13(a) Partial molal Volume V^" (cm^mor') of sugars in 0.5 M aqueous L-Lysine 
monohydrocloride solution as function of concentration and temperature. 
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Graph 13(b) Partial molal Volume V4»° (cm^mol') of sugars in 0.5 M aqueous L-Lysine 
monohydrocloride solution as function of concentration and temperature. 
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Limiting apparent molal properties of transfer provide 
qualitative as well as quantitative information regarding solute-
solvent interactions without taking into account the effects of solute-
solute interactions [30-31]. 
Generally speaking the type of interactions occurring between the 
amino acid molecules and saccharide molecules can be classified as 
follows: 
i. Hydrophilic - ionic group interactions between the OH groups 
of saccharide and the zwitterionic centre of amino acids, 
ii. Hydrophilic - hydrophilic group interactions between the OH 
groups of saccharide and the NH2 groups of amino acid 
mediated through the hydrogen bonding, 
iii. Hydrophilic - hydrophobic group interactions between the OH 
groups of saccharides and the non-polar group (-CH2) of amino 
acids, 
iv. Hydrophobic - hydrophobic group interactions between the 
non-polar groups of saccharides and the non-polar (-CH2) group 
of the amino acids. 
The interaction of type (i) leads to a positive contribution to the 
transfer volume owing to the overlap of hydration cosphere of the ion 
(COO" and NHs"^ ) and a hydrophilic OH group, which leads to a 
70 
decrease in the structure-breaking tendency of the ion and a reduction 
in the electrostriction of the water caused by these ions. The 
interaction type (ii) also malces a positive contribution to the transfer 
volume. Since the overlap of the hydration cosphere of the NH2 and 
OH groups leads to an increase in the magnitude of the hydrogen 
bonding interaction. On the contrary, the interaction of type (iii) 
between the OH groups of D-glucose, sucrose and maltose and the 
non-polar (-CH2) groups of L-Lysine monohydrochloride and L-
arginine leads to a decrease in the transfer volume as a result of their 
cosphere overlap. The interaction of type (iv) also makes a negative 
contribution to the transfer volume. The observed positive transfer 
volumes suggest that in the ternary solutions, the type (i) and (ii) 
interactions are predominant over the other interactions. 
The viscosity data for the saccharides (D-glucose, Sucrose and 
Maltose) in aqueous amino acids (L-Lysine monohydrochloride and 
L-arginine) at various temperatures (298.15 - 323.15) K are collected 
in table 1.5 (a-f). The viscosities of solutions increase with increase in 
molalities of sugars and decreases with increase in temperature. The 
increase in viscous behavior of the solution with increase in 
concentration of amino acids may be attributed to an increase in 
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Table 1.4(a) Transfer Volume AVtr (cm .mol") of D-Glucose, Sucrose and 
Maltose in 0.5 M aqueous L-Arginine solution as functions of concentration 
and temperature. 
Temp./K D-Glucose Sucrose Maltose 
_ _ 
16.28 
16.65 
16.67 
17.01 
17.05 
-5 1 
Table 1.4(b) Transfer Volume AVtr (cm .mol') of D-Glucose, Sucrose and 
Maltose in 0.5 M aqueous L-lysine monohydrochloride solution as 
functions of concentration and temperature. 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
2.09 
2.12 
2.16 
2.20 
2.21 
2.25 
2.77 
3.02 
3.20 
3.47 
3.75 
3.98 
Temp./K 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
D-Glucose 
3.37 
3.62 
3.96 
3.98 
4.16 
4.44 
Sucrose 
11.47 
11.48 
11.49 
11.51 
11.52 
11.58 
Maltose 
22.19 
22.20 
22.25 
22.29 
22.31 
22.37 
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Table 1.5(a) Viscosity (rjxlO'^/N.s.m"^) of D-glucose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.1666 1.0914 0.9990 0.8971 0.8579 0.7878 
0.049 1.2320 1.1123 1.0114 0.9236 0.8729 0.8119 
0.099 1.2581 1.1381 1.0369 0.9487 0.8981 0.8368 
0.149 1.2843 1.1641 1.0625 0.9739 0.9233 0.8617 
0.200 1.3106 1.1901 1.0892 1.0002 0.9495 0.8875 
0.251 1.3382 1.2174 1.1150 1.0256 0.9749 0.9126 
Table 1.5(b) Viscosity (r|xlO'^/N.s.m"^) of sucrose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg-^  298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.1666 1.0914 0.9990 0.8971 0.8579 0.7878 
0.049 1.2989 1.1890 1.0808 0.9954 0.9371 0.8832 
0.100 1.3264 1.2127 1.1188 1.0216 0.9633 0.9091 
0.152 1.3529 1.2412 1.1388 1.0490 0.9906 0.9360 
0.205 1.3807 1.2675 1.1651 1.0746 1.0161 0.9613 
0.259 1.4086 1.2871 1.1839 1.1014 1.0348 0.9875 
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Table 1.5(c) Viscosity (rixlO'''/N.s.m"^) of maltose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg-^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.1666 1.0914 0.9990 0.8971 0.8579 0.7878 
0.049 1.3398 1.2274 1.1255 1.0363 0.9780 0.9238 
0.100 1.3675 1.2548 1.1524 1.0608 1.0040 0.9498 
0.152 1.3989 1.2822 1.1794 1.0892 1.0309 0.9760 
0.205 1.4393 1.3099 1.2066 1.1159 1.0575 1.0022 
0.251 1.4674 1.3376 1.2339 1.1438 1.0853 1.0297 
Table 1.5(d) Viscosity (rjxlO'^ /N.s.m"^) of D-glucose in 0.5 M aqueous L-
Lysine monohydrocloride solution as functions of concentration and 
temperature. 
m/ Temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.1748 1.0937 1.0098 0.9068 0.8743 0.7918 
0.049 1.2596 1.1492 1.0131 0.9444 0.8909 0.8379 
0.099 1.2725 1.1521 1.0546 0.9673 0.9038 0.8508 
0.149 1.3054 1.1850 1.0975 0.9902 0.9367 0.8837 
0.200 1.3383 1.2179 1.1004 1.0050 0.9696 0.9166 
0.251 1.3512 1.2308 1.1333 1.0460 0.9925 0.9395 
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Table 1.5(e) Viscosity (rixlO"^/N.s.m'^) of Sucrose in 0.5 M aqueous L-
Lysine monohydrocloride solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.1748 1.0937 1.0098 0.9068 0.8743 0.7918 
0.049 1.3102 1.2186 1.0870 0.9973 0.9493 0.9059 
0.100 1.3430 1.2314 1.1136 1.0236 0.9880 0.9287 
0.152 1.3753 1.2642 1.1464 1.0489 1.0015 0.9515 
0.205 1.3986 1.2870 1.1792 1.0761 1.0187 0.9843 
0.259 1.4214 1.3098 1.2020 1.1045 1.0379 0.9971 
Table 1.5(f) Viscosity (rixlG'^ /N.s.m''^ ) of Maltose in 0.5 M aqueous L-Lysine 
monohydrocloride solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg-' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.1748 1.0937 1.0098 0.9068 0.8743 0.7918 
0.049 1.3557 1.2475 1.1556 1.0388 0.9937 0.9400 
0.100 1.3889 1.2707 1.1788 1.0621 1.0077 0.9732 
0.152 1.4142 1.3039 1.2080 1.0914 1.0311 0.9964 
0.200 1.4553 1.3271 1.2313 1.1276 1.0593 1.0025 
0.251 1.4885 1.3503 1.2584 1.1608 1.0876 1.0318 
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Table 1.6(a) Relative viscosity (rir xlO" /^N.s.m"^) of D-glucose in 0.5 M 
aqueous L-Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.0560 1.0191 1.0124 1.0295 1.0174 1.0306 
0.099 1.0784 1.0.427 1.0379 1.0575 1.0468 1.0622 
0.149 1.1009 1.0666 1.0635 1.0856 1.0762 1.0938 
0.200 1.1234 1.0904 1.0902 1.1149 1.1067 1.1265 
0.251 1.1470 1.1154 1.1150 1.1432 1.1363 1.1584 
Table 1.6(b) Relative viscosity (r], xlO"/N.s.m'^) of Sucrose in 0.5 M 
aqueous L-Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
moI.kg-^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.1134 1.0894 1.0899 1.1095 1.0923 1.1210 
0.100 1.1369 1.1111 1.1120 1.1387 1.1228 1.1539 
0.152 1.1596 1.1372 1.1399 1.1693 1.1546 1.1881 
0.205 1.1835 1.1613 1.1662 1.1978 1.1844 1.2202 
0.259 1.2074 1.1793 1.1850 1.2277 1.2062 1.2534 
76 
Table 1.6(c) Relative viscosity (r|r xlO'^/N.s.m'^) of Maltose in 0.5 M 
aqueous L-Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.1484 1.1246 1.1266 1.1551 1.1399 1.1726 
0.100 1.1722 1.1497 1.1535 1.1824 1.1702 1.2056 
0.152 1.1991 1.1748 1.1805 1.2141 1.2016 1.2389 
0.205 1.2337 1.2002 1.2078 1.2439 1.2326 1.2721 
0.251 1.2578 1.2255 1.2351 1.2749 1.2650 1.3076 
Table 1.6(d) Relative viscosity (r\r xlO'^'/N.s.m'^) of D-glucose in 0.5 M 
aqueous L-Lysine monohydrochloride solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg"* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.0721 1.0507 1.0032 1.0414 1.0109 1.0582 
0.099 1.0831 1.0534 1.0443 1.0667 1.0337 1.0745 
0.149 1.1111 1.0834 1.0868 1.0919 1.0713 1.1160 
0.200 1.1391 1.1135 1.0897 1.1033 1.1090 1.1576 
0.251 1.1501 1.1253 1.1223 1.1535 1.1352 1.1865 
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Table 1.6(e) Relative viscosity (r|r xlO"/N.s.m') of Sucrose in 0.5 M 
aqueous L-Lysine monohydrochloride solution as functions of 
concentration and temperature. 
m/ Temperature/K 
moLkg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.1152 1.1142 1.0076 1.0998 1.0857 1.1441 
0.100 1.1431 1.1259 1.1026 1.1288 1.1300 1.1729 
0.152 1.1706 1.1558 1.1352 1.1897 1.1454 1.2017 
0.205 1.1905 1.1767 1.1677 1.1967 1.1651 1.2431 
0.259 1.2099 1.1975 1.1903 1.2180 1.1871 1.2592 
Table 1.6(f) Relative viscosity (rir xlO /N.s.m'^) of Maltose in 0.5 M 
aqueous L-Lysine monohydrochloride solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.1539 1.1406 1.1443 1.1455 1.1365 1.1871 
0.100 1.1822 1.1618 1.1673 1.1712 1.1525 1.2290 
0.152 1.2037 1.1922 1.1963 1.2035 1.1793 1.2584 
0.205 1.2387 1.2134 1.2194 1.2434 1.2116 1.2661 
0.251 1.2670 1.2346 1.2461 1.2801 1.2439 1.3031 
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Graph 1.5(a) Viscosity (TixlO-3/Nj$.m-2) of D-glucose in 0.5 M aqueous L-Arginine solution as function of 
concentration and temperature. 
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Graph 1.5(b) Viscosity (T|X10' /N.S.III' ) of sucrose in 0.5 M aqueous L-Arginine solution 
as function of concentration and temperature. 
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Graph 1.5(c) Viscosity (rixlO~^/N.s.m~^) of maltose in 0.5 M aqueous L-Arginine solution 
as function of concentration and temperature. 
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Graph 1.5(d) viscosity (T|xiO"^/N.s.m" ) of D-glucose in 0.5 M aqueous L-Lysine 
monohydrocloride solution as function of concentration and temperature. 
OM 0.1 0.15 
Concentration(m/mol.kg'') 
0.2 0.25 
-T/K-2M.I5 -^T/K-303.15 T/K-=3««.I5 ^<-T/K-3I3.15 -«-T/K=3I».I5 - ^ T/K-323.15 I 
80 
I 
Fig 1.5(e) Viscosity (tixiO"^/N.s.in" ) of sucrose in 0.5 M aqueous L-Lysine 
monohydrocloride solution as function of concentration and temperature. 
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Fig l.S<f) Viscosity (i^ xlO /N.s.m') of Maltose in 0.5 M aqueous L-Lysine monohydrocloride solution as function 
of concentration and temperature. 
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Fig 1.6(a) Relative viscosity (ti^xlO" /N.s.tn') of D-glucose in 0.5 M aqueous L-Arginine 
solution as function of concentration and temperature. 
I 
I J 
1.15 
1.1 
1.05 
S 0.95 
OS 
0.9 
0.05 0.1 0.15 0.2 
Concentration (m/moLkg') 
0.25 
-T/K-29S.15 -^T/K-303.15 T/K-308.1S -H-T/K-313.15 -«i-T/K-3IM5 -»-T/K-323.15 
Graph 1.6(b) Relative viscosity (T)rXiO" /N.s.m" ) of sucrose in 0.5 M aqueous L-Arginine 
solution as function of concentration and temperature. 
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Graph 1.6(c) Relative viscosity (TifXlO '^/N.s.m"^) of Maltose in 0.5 M aqueous L-Arginine 
solution as function of concentration and temperature. 
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Fig 1.6(d) Relative viscosity (T]rXlO"^/N.s.in") of D-glucose in 0.5 M aqueous L-Lysine 
monohydrochloride solution as function of concentration and temperature. 
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Graph 1.6(e) Relative viscosity (Ti''xlO" /^lV.s.in"^) of sucrose in 0.5 M aqueous L-Lysine 
monohydrochloride solution as function of concentration and temperature. 
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Graph 1.6(f) Relative viscosity (ri^xlO" /N.s.m" ) of Maltose in 0.5 M aqueous L-Lysine 
monohydrochloride solution as function of concentration and temperature. 
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intermolecular/inter ionic forces operative in solutions, which in turn, 
may cause more frictional resistance to the flow of solution. An 
increase in temperature may increase the kinetic energy of molecules 
and ions of solutions, which in turn may cause a decrease in the inter-
molecular/interionic forces operative in solutions consisting of the 
zwitterions, ions and water dipoles. This decrease in intermolecular/ 
interionic forces seems to be responsible for the decreasing trend of 
variation in viscosity values with increase in temperature. Relative 
viscosity, r|r is an intrinsic property of the solution, which depends on 
the nature of dissolved ions/ molecules and on their number in 
solutions. From table 1.6(a-f) we found that rjr values show an 
increasing trend with increase in concentration of sugars in all the 
systems studied, but no regular trend was found with temperature. 
Similar type of trend is obtained for r|sp values [table 1.7(a-f)]. The 
increase in rjsp values with an increase in sugar concentration may be 
due to an increase in the ion-ion and zwitter-ion interactions in 
solutions [fig 1.7(a-c)]. 
The values of coefficients A and B have been obtained as the 
intercept and slope from linear regression of (r|r-l)/m''^ vs. m^' curve 
are listed in table 1.8(a-b). The values of these coefficients are positive 
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in aqueous amino acid solutions. The coefficient A is known to be a 
characteristic of solute [32]. The positive values of A-coefficient 
indicate the presence of significant solute-solute interactions .The B-
coefficient values are positive in aqueous amino acid solutions and 
increases with concentration of saccharides which indicates a structure 
to allow the co-solute to act on solvent [33]. B-coefficient increases 
when water is replaced by amino acids. These values are greater for 
maltose than for sucrose and glucose. B-coefficient depends directly 
on size, shape and charge of the solute molecules and maltose has two 
glucose units joined by a-1,4- glycosidic linkage therefore 
B(glucose)<B(maltose). It is noteworthy that the B-coefficient for 
maltose is not twice as large as that for D-glucose, indicating that the 
formation of a-1,4 - linkage reduces the structure making effects of 
saccharides. The positive value of B-coefficient for all sugars suggests 
the existence of strong ion- solvent interaction. The larger values of B-
coefficient indicate structure making property of solute. 
A.K. Nain et al. [23] reported similar structure - making behavior 
of L-histidine in aqueous glucose solution and Ali et al. [29] have also 
drawn similar conclusion for glycine in aqueous glucose solution. 
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The values of RT In -^—^ are summarized in Table 1.9(a-f). The 
values of RT In —— increases with increase in temperature and 
concentration [fig 1.9(a-f)], which suggest that the mechanism of 
viscous flow for these systems is a thermally activated single step 
process. 
According to Feakin's model [34], greater the value of AG*, the 
greater is the structure making ability of the solute. The values of 
AG* are included in table 1.10 (a-f). Table 1.11 (a-b) shows the 
enthalpies (AH*) and entropies (AS*) of activation of viscous flow 
of saccharides in aqueous amino acid solution, AH* and AS* values 
have proved useful in yielding structural information about solute 
species and solute-solvent interactions. The AH2* values are positive 
and decrease with concentration, whereas AS* values are negative. 
It is evident that the AG* values are positive suggesting that the 
interactions between carbohydrates and amino acid molecules in the 
ground state are stronger than in the transition state. Hence, in the 
transition state the solvation of the solute molecules is less favored in 
free energy terms. The AG* values increase with increase in 
temperature indicating that solute - solvent interaction increases with 
rise in temperature making the flow of solute molecules difficult. 
Graphs are plotted between the free energy of activation and 
temperature. Trends are quite linear as shown in [fig l.lO(a-f)]. 
A satisfactory elucidation of these facts probably arises from the more 
realistic hypothesis of the flow mechanism of Eyring [28], which 
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Table 1.7(a) Specific viscosity (r|spXlO'^ /N.s.m'^ ) of D-glucose in 0.5 M 
aqueous L-Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 5^ 60 L91 124 195 1^ 74 3.06 
0.099 7.84 4.27 3.79 5.75 4.68 4.90 
0.149 9.16 6.66 6.35 8.56 7.62 9.38 
0.200 12.34 9.04 9.03 11.49 10.67 12.65 
0.251 14.70 11.54 11.61 14.32 13.63 15.84 
Table 1.7(b) Specific viscosity (r|spXlO'^ /N.s.m'^ ) of Sucrose in 0.5 M 
aqueous L-Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 ITM 8^ 94 8^ 98 1095 9^23 12.10 
0.100 13.69 11.11 11.19 13.87 12.28 15.39 
0.152 15.97 13.72 13.99 16.93 15.46 18.81 
0.205 18.97 16.13 16.62 19.78 18.44 22.02 
0.259 20.74 17.93 18.50 22.77 20.62 25.35 
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Table 1.7(c) Specific viscosity (rispXlO" /^N.s.m'^ ) of Maltose in 0.5 M 
aqueous L-Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 14^84 12A6 12M TsTl 1199 17.26 
0.100 17.22 14.97 15.35 18.24 17.03 20.56 
0.152 19.91 17.48 18.05 21.41 20.16 23.88 
0.205 23.37 20.02 20.78 24.38 23.26 27.21 
0.251 25.78 22.55 23.51 27.49 26.50 30.70 
Table 1.7(d) Specific viscosity (rispXlO /N.s.m') of D-glucose in 0.5 M 
aqueous L-Lysine monohydrochloride solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg'^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 121 5^ 07 320 4A4 L89 5^ 82 
0.099 8.31 5.33 4.43 6.67 3.37 8.34 
0.149 11.11 8.34 8.68 9.19 7.13 11.60 
0.200 13.91 11.35 8.97 10.33 10.90 15.76 
0.251 15.01 12.53 12.23 15.35 13.51 18.65 
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Table 1.7(e) Specific viscosity (T]spXlO'^ /N.s.m'^ ) of Sucrose in 0.5 M 
aqueous L-Lysine monohydrochloride solution as functions of 
concentration and temperature. 
m/ Temperature/K 
moLkg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 rr52 UAl 7^ 64 9^ 98 ^ 14.41 
0.100 14.31 12.59 12.25 12.88 13.00 17.28 
0.152 17.06 15.58 13.52 15.67 14.54 20.16 
0.205 19.05 17.67 16.77 18.67 16.51 24.31 
0.259 20.99 19.75 19.03 21.80 18.71 25.92 
Table 1.7(f) Specific viscosity (rjspXlO'^ /N.s.m'O of Maltose in 0.5 M 
aqueous L-Lysine monohydrochloride solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 15^ 93 14J06 HA3 1455 uls 18.71 
0.100 18.22 16.18 16.73 17.92 15.25 22.90 
0.152 20.37 19.21 19.62 20.35 17.93 25.84 
0.205 23.87 21.34 21.93 24.34 21.15 26.61 
0.251 26.70 23.46 24.61 28.01 24.39 30.31 
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Table 1.8(a) A and B coefficient of different sugars in 0.5 M aqueous L-
Ariginine solution as functions of temperature. 
Temp, (K) 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
D-Glucose 
A B 
1.0334 
0.9951 
0.9870 
1.0010 
0.9879 
0.9989 
0.4549 
0.4815 
0.5159 
0.5707 
0.5962 
0.6410 
Sucrose 
A B 
1.0902 
1.0666 
1.0652 
1.0805 
1.0652 
1.0879 
0.4708 
0.4608 
0.4888 
0.5906 
0.5788 
0.6622 
Maltose 
A B 
1.1181 
1.0992 
1.0993 
1.1237 
1.1080 
1.1384 
0.5606 
0.50476 
0.5426 
0.6022 
0.6252 
0.6730 
Table 1.8(b) A and B coefficient of different sugars in 0.5 M aqueous L-
lysine monohydrochloride solution as functions of temperature. 
Temp. (K) 
D-Glucose 
B 
Sucrose 
A B 
Maltose 
A B 
298.15 1.0475 0.4240 1.0948 0.4736 1.1243 0.5654 
303.15 1.0224 0.4186 1.0888 0.4348 1.1166 0.4792 
308.15 0.9841 0.5672 0.9915 0.8610 1.1179 0.5114 
313.15 1.0131 0.5216 1.0753 0.6086 1.1063 0.6828 
318.15 0.9812 0.6158 1.0713 0.4758 1.1026 0.5478 
323.15 1.0166 0.6794 1.1140 0.6008 1.1680 0.5382 
91 
Table 1.9(a) RTln(r|Vn,/hN)(kj.mol"') for D-glucose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg"* 0.29815 0.30315 0.30815 0.31315 0.31815 0.32315 
0.049 65.64 66.52 67.40 68.29 69.17 70.05 
0.099 65.78 66.67 67.56 68.45 69.34 70.23 
0.149 65.82 66.71 67.61 68.50 69.40 70.29 
0.200 65.87 66.77 67.66 68.56 69.46 70.37 
0.251 65.91 66.82 67.72 68.63 69.54 70.44 
Table 1.9(b) RTln(TiVm/hN)(kj.mor') for Sucrose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg"^ 0.29815 0.30315 0.30815 0.31315 0.31815 0.32315 
0.049 67.36 68.28 69.21 70.13 71.06 71.98 
0.100 67.40 68.33 69.26 70.17 71.12 72.05 
0.152 67.44 68.38 69.30 70.24 71.18 72.11 
0.205 67.46 68.41 69.35 70.29 71.23 72.17 
0.259 67.51 68.45 69.39 70.34 71.28 72.23 
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Table 1.9(c) RTln(TiVm/hN)(kj.mol"') for Maltose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg'^ 0.29815 0.30315 0.30815 0.31315 0.31815 0.32315 
0.049 67.55 68.49 69.43 70.37 TLSl 72.25 
0.100 67.59 68.53 69.48 70.42 71.36 72.30 
0.152 67.63 68.58 69.52 70.47 71.41 72.36 
0.205 67.68 68.63 69.57 70.52 71.47 72.43 
0.251 67.72 68.67 69.62 70.57 71.52 72.47 
Table 1.9(d) RTln(TiVn,/hN)(kj.mor') for D-glucose in 0.5 M aqueous L-
Lysine monohydrochloride solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg-^ 0.29815 0.30315 0.30815 0.31315 0.31815 0.32315 
0.049 65^ 8^1 66.70 67.58 68.47 69.36 70.24 
0.100 66.07 66.96 67.85 68.75 69.64 70.53 
0.152 66.35 67.24 68.14 69.04 69.93 70.83 
0.205 66.47 67.37 68.27 69.17 70.07 70.97 
0.251 66.63 67.53 68.43 69.33 70.24 71.14 
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Table 1.9(e) RTln(TiVm/hN)(kj.mor') for Sucrose in 0.5 M aqueous L-
Lysine monohydrochloride solution as functions of concentration and 
temperature. 
m/ Temperature/K 
moI.kg"' 0.29815 0.30315 0.30815 0.31315 0.31815 0.32315 
0.049 67.37 68J1 69.24 70.17 71.10 72.03 
0.100 67.41 68.35 69.28 70.22 71.15 72.09 
0.152 67.46 68.40 69.33 70.27 71.21 72.15 
0.205 67.48 68.42 69.37 70.31 71.25 72.19 
0.251 67.51 68.45 69.40 70.34 71.28 72.23 
Table 1.9(f) RTln(TiVm/hN)(kj.mol'') for Maltose in 0.5 M aqueous L-
Lysine monohydrochloride solution as functions of concentration and 
temperature. 
m/ Temperature/K 
moLkg"' 0.29815 0.30315 0.30815 0.31315 0.31815 0.32315 
0.049 67.60 68.54 69.47 70^41 71.34 72.28 
0.100 67.67 68.61 69.55 70.49 71.43 72.37 
0.152 67.85 68.79 69.74 70.69 71.63 72.58 
0.205 67.92 68.87 69.82 70.77 71.72 72.67 
0.251 68.06 69.01 69.97 70.92 71.87 72.82 
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Fig 1.7(a) Specific viscosity (ti^ xlO'^ /N.s.m'^ ) of D-glucose in 0.5 M aqueous L-Arginine solution as function of 
concentration and temperature. 
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Fig 1.7(b)Speciric viscosity (i)^ x|0~ /^N.s.m~ )^ of Sucrose in O.S M aqueous L-Arginine solution as function of 
concentration and temperature. 
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Fig 1.7(c) Specific viscosity (ti,pX 10"^ /N.s.ni"^ ) of Maltose in 0.5 M aqueous L-Arginine solution as function of 
concentration and temperature. 
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Fig 1.7(d) Specific viscosity (ii^ xlO" /^N.s.m"^) of D-glucose in 0.5 M aqueous L-Lysine monohydrochloride 
solution as function of concentration and temperature. 
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Fig 1.7(e) Specific viscosity (%^W /N.s.m') of Sucrose in 0.5 M aqueous L-Lysine monoliydrochloride solution 
as function of concentration and temperature. 
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Fig 1.7(f) Specific viscosity (Ti,pXlO"^/Nj.ni"^) of Maltose In 0.5 M aqueous L-Lysine monohydrochloride solution 
as function of concentration and temperature. 
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Fig 1.9(a) RTIn(i)V^M) VS TxlO for D-glucose in 0.5 M aqueous L-Arginine solution as functions of 
concentration and temperature. 
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Fig 1.9(b) RTIn(qVJhN) Vs TilO for Sucrose in 0.5 M aqueous L-Arginine solution as function of 
concentration and temperature. 
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Fig 1.9(c) RTln(i|V^N) Vs TxlO for Maltose in 0.5 M aqueous L-Arginine solution as function of 
concentration and temperature. 
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Fig 1.9(d) RTIn(i|Vg/hN) Vs TilO for D-glucose in O.S M aqueous L-Lyslne monohydrochloride solution as 
function of concentration and temperature. 
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Fig 1.9(e) RTln(i|VJh>) Vs TilO"* for Sucrose in 0.5 M aqueous L-Lysine monohydrocliloride solution as 
function of concentration and temperature. 
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Fig 1.9(f) RTIn(i|VJhN) Vs TilO for Maltose in 0.5 M aqueous L-Lysine monohydrocliloride solution as 
function of concentration and temperature. 
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explains the flow by movement of dislocations or discontinuities in the 
fluid layers. In a dynamic steady state and in an over simplified 
picture, the movement of a dislocation by one layer position requires 
the cooperation of at least two moving elementary units: one is 
moving out the standard position and requires energy, and the other is 
moving into this cavity and gives up energy. Therefore, the enthalpy 
of activation of viscous flow could be taken as a measure of the 
cooperation degree between the species taking part in the flow 
process. Actually, in the liquid state the opportunity of the formation 
of many discontinuities is warranted by statistical fluctuations of local 
density. In the low temperature range as well as for highly structured 
components, one may expect a considerable degree of order, so that 
transport phenomenon takes place cooperatively, as a consequence a 
great heat of activation associated with a relatively high value of flow 
entropy is observed. When the breaking in the ordered and 
polymerized fluid structure becomes very quick, by increasing the 
temperature or by adding a component that breaks a homopolymer 
hydrogen bond network, the movement of the individual units 
becomes more disordered and the cooperation degree is reduced, 
facilitating the viscous flow via the activated state of molecular 
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Table 1.10(a) Free Energy of Activation for viscous flow AG*(kj.mor') of 
D-glucose in 0.5 M aqueous L-Arginine solution at varying concentrations 
and temperatures. 
m/ Temperature/K 
mol.kg"^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 65.68 66.52 67.38 68.24 69.19 70.09 
0.099 65.72 66.57 67.44 68.31 69.26 70.16 
0.149 65.77 66.62 67.49 68.37 69.33 70.23 
0.200 65.81 66.67 67.55 68.43 69.39 70.30 
0.251 65.85 66.72 67.60 68.49 69.46 70.37 
Table 1.10(b) Free Energy of Activation for viscous flow AG*(kj.mor ) of 
Sucrose in 0.5 M aqueous L-Arginine solution at varying concentrations 
and temperatures. 
m/ Temperature/K 
moLkg-' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 67.39 68.30 6921 70.10 71.07 72.03 
0.100 67.43 68.34 69.25 70.15 71.13 72.09 
0.152 67.47 68.38 69.29 70.21 71.19 72.15 
0.205 67.50 68.42 69.33 70.26 71.24 72.21 
0.259 67.54 68.46 69.37 70.31 71.28 72.27 
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Table 1.10(c) Free Energy of Activation for viscous flow AG*(kj.mor') of 
Maltose in 0.5 M aqueous L-Arginine solution at varying concentrations 
and temperatures. 
m/ Temperature/K 
moLkg"^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 67.59 6831 69.42 70.34 71.32 72.29 
0.100 67.63 68.55 69.47 70.39 71.37 72.35 
0.152 67.67 68.59 69.52 70.44 71.43 72.40 
0.205 67.71 68.63 69.57 70.49 71.48 72.45 
0.251 67.75 68.67 69.62 70.54 71.53 72.51 
Table 1.10(d) Free Energy of Activation for viscous flow AG*(kj.mor') of 
D-glucose in 0.5 M aqueous L-Lysine monohydrochloride solution at 
varying concentrations and temperatures. 
m/ Temperature/K 
mol.kg"^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 65.73 66.60 67.39 68.30 69.24 70.17 
0.100 65.75 66.62 67.41 68.32 69.26 70.19 
0.152 65.80 66.67 67.46 68.37 69.31 70.24 
0.205 65.86 66.73 67.52 68.43 69.37 70.30 
0.251 65.87 66.75 67.54 68.45 69.39 70.32 
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Table 1.10(e) Free Energy of Activation for viscous flow AG*(kj.mor ) of 
Sucrose in 0.5 M aqueous L-Lysine monohydrochloride solution at varying 
concentrations and temperatures. 
m/ Temperature/K 
mol.kg"* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 67.41 68.36 69.20 70.10 71.10 72.10 
0.100 67.46 68.38 69.25 70.16 71.18 72.15 
0.152 67.50 68.43 69.29 70.21 71.21 72.20 
0.205 67.53 68.46 69.32 70.26 71.24 72.27 
0.251 67.56 68.49 69.35 70.31 71.28 72.30 
Table 1.10(f) Free Energy of Activation for viscous flow AG*(kj.mor ) of 
Maltose in 0.5 M aqueous L-Lysine monohydrochloride solution at varying 
concentrations and temperatures. 
m/ Temperature/K 
moLkg'^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 67.62 68.48 69.49 70.30 71.36 72.33 
0.100 67.67 68.50 69.52 70.36 71.38 72.41 
0.152 67.70 68.55 69.55 70.41 71.43 72.46 
0.205 67.76 68.59 69.58 70.46 71.48 72.51 
0.251 67.80 68.63 69.61 70.50 71.52 72.55 
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Table 1.11(a) Entropy (AS*/ kj.mol"') and Enthalpy (AH*/ ld.mor') of D-
glucose in a-amino acid solution as function of concentrations. 
m/mole.kg"^ 
0.049 
0.099 
0.149 
0.200 
0.251 
AS*/ Kj.mor^ 
In 0.5 M L-arginine 
-176.6890 
-177.9401 
-178.9109 
-179.9428 
-181.2000 
AH*/ Kj.mol' 
12.9606 
12.7300 
12.4888 
12.2201 
11.8910 
In 0.5 M L-Lysine monohydrochloride 
0.049 
0.099 
0.149 
0.200 
0.251 
-177.3140 
-178.3241 
-179.3143 
-179.8950 
-180.4802 
12.9532 
12.9140 
12.8923 
12.8423 
12.8223 
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Table 1.11(b) Entropy (AS*/ Kj.mol"') and Enthalpy (AH*/ IG.mol"') of 
Sucrose in a-amino acid solution as functions of concentration. 
m/moLkg"' AS*/mmoP AH*/ Kj.mol ^ 
In 0.5 M L-arginine 
12.1687 
11.9152 
11.6457 
11.3534 
11.2032 
0.049 
0.100 
0.152 
0.205 
0.259 
-185.1428 
-186.1143 
-187.1428 
-188.2285 
-188.8591 
In 0.5 M L-Lysine monohydrochloride 
0.049 
0.100 
0.152 
0.205 
0.259 
-186.1143 
-187.2001 
-187.5301 
-188.4571 
-188.7428 
11.8952 
11.6096 
11.5588 
11.3024 
11.2487 
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Table 1.11(c) Entropy (AS*/ Kj.mol'^) and Enthalpy (AH*/ Kj.mol") of 
Maltose in a-amino acid solution as functions of concentration. 
m/mol.kg' AS*, Kj.mol' AH*, Kj-mol' 
In 0.5 M L-arginine 
0.049 -187.7143 11.5982 
0.100 -188.4571 11.4158 
0.152 -189.0857 11.2688 
0.205 -189.5428 11.1735 
0.251 -189.6057 11.2010 
In 0.5 M L-Lysine monohydrochloride 
0.049 
0.100 
0.152 
0.205 
0.251 
-187.1002 
-188.1364 
-189.2707 
-189.8261 
-189.3352 
11.8214 
11.5829 
11.4200 
11.3295 
11.3253 
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Fig 1.10(a) Free Energy of Activation for viscous flow AG*(kj.mor') of D-glucose in 0.5 M aqueous L-Arginine 
solution at varying concentrations and temperatures. 
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Fig 1.10(b) Free Ener^ of Activation for viscous flow AG*(kj.nior ) of Sucrose in 0.5 M aqueous L-Arginine 
solution at varying concentrations and temperatures. 
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Fig 1.10(c) Free Encigy of Activatioil for viscous flow AG*(kj.mol'') of Maltose In 0.5 M aqueous L-ArginiiK 
solution at varying concentrations and temperatures. 
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Fig 1.10(d) Free Energy of Activation for viscous flow AG*(kj.niol-l) of D-glucose in 0.5 M aqueous L-Lysine 
monobydrochloride solution at varying concentrations and temperatures. 
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species. As a consequence the overall molecular order in the system 
should be reduced and positive AS* values should be expected. 
The evidence obtained in this work appears quite intriguing 
because at higher temperatures as well as in the high solute region, the 
availability of randomly scattered monomers should be sufficient to 
provide the activated molecular species which, then leads to 
comparatively increased order as a result of viscous flow, giving the 
more negative AS* values. 
I l l 
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INTRODUCTION 
In recent years, attempts have been made to study the physico -
chemical behavior of amino acids in pure aqueous, as well as aqueous 
electrolyte, carbohydrate and surfactant media [1-17]. Amino acids 
when dissolved in water convert into zwitter ionic form because of 
ionization of their carboxyl (-COOH) and amino (-NH2) groups. In 
physiological media such as blood membranes and cellular fluids; the 
dipolar character of amino acids (in presence of certain additives) has 
an important bearing on their biological functions. Therefore, 
knowledge of water - amino acid interactions in the presence of 
electrolytes / carbohydrates is necessary to understand several 
biological processes occurring in living systems [18-20]. 
Volumetric properties of some amino acids like glycine, 
alanine, and serine in aqueous DMF, ethanol, glucose, sucrose and 
ethylene glycol have been studied in past years [21-28], but very few 
compressibility data have been reported [29-35]. Compressibility of 
liquids is an essential physical characteristic reflecting intermolecular 
interactions and dynamic processes occurring in solutions. Therefore, 
we have made an attempt to investigate the compressibility of ternary 
solutions i.e amino acid + saccharides + water in order to study the 
interactions present. 
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The compressibility of proteins in solution has been estimated by 
following two methods. One is the measurement of the partial molal 
volume of protein in solution as a function of pressure by the direct 
densimetric method [36] or by ultracentrifuge [37], which uses sound 
velocity measurement with an ultrasonic interferometer [38-39]. The 
compressibility obtained by this technique is adiabatic (used in the 
present work). 
Derived parameters of ultrasonic velocity, viz., isentropic 
compressibility (Ks), change in isentropic compressibility (AKs), 
relative change in isentropic compressibility (AKr), specific acoustic 
impedance (Z) and relative association (RA) etc. provide valuable 
information about the type and extent of intermolecular / interionic 
interaction among the components of a mixture. 
In the present work, the ultrasonic velocities of different sugars 
(D-glucose, Sucrose and Maltose) in aqueous solution of a-amino 
acids are studies as function of temperature and concentration. 
The sugars studied in present work are discussed as follows: 
Glucose (Glc), a monosaccharide (or simple sugar), is the most 
important carbohydrate in biology. Glucose (C6H12O6) contains six 
carbon atoms and an aldehyde group and is therefore referred to as an 
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aldohexose. The glucose molecule can exist in an open-chain (acyclic) 
and ring (cyclic) form (in equilibrium), the latter being the result of an 
intramolecular reaction between the aldehyde C atom and the C-5 
hydroxyl group to form an intramolecular hemiacetal. In water 
solution both forms are in equilibrium and at pH 7 the cyclic one is the 
predominant. As the ring contains five carbon atoms and one oxygen 
atom, which resembles the structure of pyran, the cyclic form of 
glucose is also referred to as glucopyranose. In this ring, each carbon 
is linked to a hydroxyl side group with the exception of the fifth atom, 
which links to a sixth carbon atom outside the ring, forming a CH2OH 
group. 
Sucrose (common name: table sugar, also called saccharose) is a 
disaccharide (glucose + fructose) with the molecular formula i2H220n. 
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Its systematic name is i±-D-glucopyranosyl- (lat'2)-i^-D-
fructofUranose. It is best known for its role in human nutrition and is 
formed by plants but not by higher animals. Like other carbohydrates, 
sucrose has hydrogen to oxygen ratio of 2:1. It consists of two 
monosaccharides, i±-glucose and fructose, joined by a glycosidic bond 
between carbon atom 1 of the glucose unit and carbon atom 2 of the 
fructose unit. What is notable about sucrose is that unlike most 
polysaccharides, the glycosidic bond is formed between the reducing 
ends of both glucose and fructose, and not between the reducing end 
of one and the nonreducing end of the other. The effect of this inhibits 
further bonding to other saccharide units. Since it contains no free 
anomeric carbon atom, it is classified as a nonreducing sugar. 
Maltose, or malt sugar, is a disaccharide formed from two units of 
glucose joined with an a(l—»4) linkage. Each disaccharide is formed 
by a condensation reaction in which there is a loss of hydrogen (H) 
from one molecule and a hydroxyl group (OH) from the other. The 
resulting glycosidic bond—those that join a carbohydrate molecule to 
an alcohol, which may be another carbohydrate—is the characteristic 
linkage between sugars, whether between two glucose molecules, or 
between glucose and fructose, and so forth. When two glucose 
molecules are linked together, such as in maltose, glycosidic bonds 
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form between carbon 1 of the first glucose molecule and carbon 4 of 
the second glucose molecule. (The carbons of glucose are numbered 
beginning with the more oxidized end of the molecule, the carbonyl 
group). 
Maltose, pictured here, has an a-linkage, the OH group of carbon 1 on 
the first glucose points downwards. 
Theory:-
Isentropic compressibility (Kg) was determined from the sound 
speed (u) and density (p) data by using Laplace equation 
Ks=l/uV (i) 
Change in isentropic compressibility (AKs) is evaluated as the 
difference in the compressibility of solvent and solution, 
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AKs=Ks°-Ks (ii) 
Relative change in isentropic compressibility is calculated by the 
following equation 
AKr = AKs/Ks° (iii) 
Specific acoustic impedance is given as product of ultrasonic velocity 
and density 
Z = uxyr> (iv) 
where terms have their usual meanings. 
Change in specific acoustic impedance, is given as 
AZ = pu - poUo (v) 
Relative association (RA) has been computed from 
RA =p/po (uo/u)f' (vi) 
The apparent molal isentropic compressibility ((t)ks) was calculated 
from the following given equation 
, 1000(Ksp°-Ks°p) , KsM , ... 
Oks = ^^ ——r, + (Vll) 
^ ^ mp°p p ^ ^ 
Where, M is the molecular weight of solute, m is the molality 
(mol.kg'') of the solution and p^,p, Ks° and Kg are the densities and 
isentropic compressibilities of solvent and solution, respectively. 
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RESULT AND DISCUSSION 
In all the systems studied the values of ultrasonic velocity [table 
2.1 (a-f)] increases with increase in concentration of saccharides and 
temperature. This increase may be attributed to an increase in the 
intermolecular interactions with increase in temperature and 
concentration of solute. The variation in the values of ultrasonic 
velocity with composition at different temperature is shown in fig 
2.1 (a-f). 
The results obtained for isentropic compressibility are reported 
in table 2.2 (a-f). The results show decrease in Kg values with increase 
in concentration and temperature [fig 2.2 (a-f)].It is primarily the 
compressibility which increases the thermal breaking of the solvent 
components which in turn results in greater attractive forces among 
the molecules of a solution. Decrease in Kg values with increase in 
concentration may be due to increase in solute-solvent interactions, 
which leads to change in ultrasonic velocity, the greater the attractive 
forces among the molecules of a liquid , smaller will be the 
compressibility . 
The change in isentropic compressibility AKg, and relative change 
in isentropic compressibility AKr, values are listed in table 2.3 (a-f). It 
is shown from the fig 2.3(a-f) that change in isentropic compressibility 
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Table 2.1(a) Ultrasonic velocity, u (ms" ) of D-Glucose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg-' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1548.49 1558.50 1567.12 1574.32 1580.08 1585.16 
0.049 1554.60 1566.16 1574.08 1584.20 1590.06 1593.04 
0.099 1559.56 1571.08 1577.08 1589.72 1596.16 1600.48 
0.149 1565.00 1575.40 1583.20 1592.40 1599.20 1604.68 
0.200 1571.48 1582.20 1587.80 1597.85 1602.24 1607.84 
0.251 1577.48 1588.12 1591.60 1602.85 1608.56 1613.24 
Table 2.1(b) Ultrasonic velocity, u (ms') of Sucrose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1548.49 1558.50 1567.12 1574.32 1580.08 1585.16 
0.049 1558.99 1570.40 1580.20 1585.20 1591.36 1595.44 
0.100 1566.94 1578.20 1588.50 1593.60 1599.42 1603.50 
0.152 1573.00 1584.80 1594.80 1599.80 1605.60 1609.28 
0.205 1579.48 1590.60 1600.12 1605.98 1612.78 1615.96 
0.259 1586.96 1597.40 1606.44 1613.16 1617.96 1622.64 
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Table 2.1(c) Ultrasonic velocity, u (ms"') of Maltose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
val Temperature/K 
moLkg-^  298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1548.49 1558.50 1567.12 1574.32 1580.08 1585.16 
0.049 1560.28 1572.16 1578.40 1585.56 1591.40 1596.20 
0.100 1566.23 1578.11 1584.46 1591.51 1599.77 1603.15 
0.152 1573.50 1585.17 1591.90 1597.72 1606.33 1610.21 
0.205 1579.77 1591.65 1598.00 1605.05 1612.81 1618.69 
0.251 1586.25 1598.13 1604.48 1611.53 1619.29 1623.17 
Table 2.1(d) Ultrasonic velocity, u (ms"') of D-Glucose in 0.5 M aqueous L-
lysine monohydrochloride solution as functions of concentration and 
temperature. 
ml Temperature/K 
moLkg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1550.93 1559.92 1569.41 1576.46 1582.46 1586.48 
0.049 1557.16 1568.72 1577.09 1584.90 1589.40 1594.00 
0.099 1560.56 1573.56 1579.00 1589.40 1591.10 1596.80 
0.149 1563.76 1577.60 1585.20 1594.84 1601.80 1606.68 
0.200 1568.24 1582.50 1588.20 1596.80 1604.86 1609.24 
0.251 1574.18 1588.40 1592.70 1603.60 1609.12 1613.80 
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Table 2.1(e) Ultrasonic velocity, u (ms'') of Sucrose in 0.5 M aqueous L-
lysine monohydrochloride solution as functions of concentration and 
temperature. 
m/ Temperature/K 
moLkg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1550.93 1559.92 1569.41 1576.46 1582.46 1586.48 
0.049 1560.00 1572.20 1582.16 1588.06 1595.16 1599.16 
0.100 1565.40 1578.00 1588.20 1594.02 1601.02 1605.72 
0.152 1571.80 1584.99 1594.50 1600.56 1606.90 1611.00 
0.205 1578.00 1590.10 1600.80 1606.99 1613.20 1617.80 
0.259 1584.88 1596.04 1606.74 1612.94 1619.16 1623.99 
Table 2.1(f) Ultrasonic velocity, u (ms"') of Maltose in 0.5 M aqueous L-
lysine monohydrochloride solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg-' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1550.93 1559.92 1569.41 1576.46 1582.46 1586.48 
0.049 1560.99 1573.16 1579.08 1585.90 1592.00 1596.50 
0.100 1567.08 1579.12 1589.06 1594.80 1602.00 1606.10 
0.152 1573.32 1585.16 1595.14 1601.20 1607.10 1611.72 
0.205 1578.82 1591.16 1601.92 1607.12 1613.86 1618.20 
0.251 1585.34 1596.86 1607.12 1613.52 1619.86 1624.20 
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Table 2.2(a) Isentropic compressibility, (KsXlO'Vm^N'') of D-glucose in 0.5 
M aqueous L-Arginine solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 426 420 4^4 4lO 4^04 4^03 
0.049 4.24 4.17 4.12 4.06 4.02 4.00 
0.099 4.22 4.15 4.11 4.04 4.00 3.97 
0.149 4.20 4.14 4.09 4.03 3.99 3.96 
0.200 4.18 4.12 4.08 4.02 3.98 3.95 
0.251 4.16 4.10 4.07 4.01 3.97 3.94 
Table 2.2(b) Isentropic compressibility, (KsXlO'^ /m^N"') of Sucrose in 0.5 
M aqueous L-Arginine solution as functions of concentration and 
temperature. 
m/ Temperature/K 
moLkg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 426 420 4~T4 4To 404 4^03 
0.049 4.22 4.16 4.10 4.06 4.03 4.00 
0.100 4.20 4.14 4.08 4.04 4.01 3.99 
0.152 4.19 4.13 4.07 4.03 4.00 3.97 
0.205 4.18 4.12 4.06 4.02 3.98 3.96 
0.259 4.16 4.10 4.05 4.01 3.97 3.95 
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Table 2.2(c) Isentropic compressibility, ( K S X I O ' W N " ' ) of Maltose in 0.5 
M aqueous L-Arginine solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg'^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 426 420 4A4 4lO 4~04 4X13 
0.049 4.22 4.15 4.11 4.07 4.03 4.00 
0.100 4.21 4.14 4.10 4.06 4.01 3.98 
0.152 4.19 4.13 4.08 4.04 4.00 3.97 
0.205 4.18 4.11 4.07 4.03 3.98 3.96 
0.251 4.17 4.10 4.06 4.02 3.97 3.95 
Table 2.2(d) Isentropic compressibility, (KjXlO'Vm^N"') of D-glucose in 0.5 
M aqueous L-lysine monohydrochloride solution as functions of 
concentration and temperature. 
m/ Temperature/K 
moLkg-^  298.15 303.15 308.15 313.15 318.15 323.15 
0.000 425 4 J9 4J3 4^09 4^05 402 
0.049 4.23 4.15 4.11 4.06 4.02 4.00 
0.099 4.22 4.14 4.10 4.05 4.00 3.97 
0.149 4.21 4.13 4.09 4.03 3.99 3.96 
0.200 4.20 4.12 4.08 4.02 3.98 3.95 
0.251 4.18 4.10 4.07 4.01 3.97 3.94 
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Table 2.2(e) Isentropic compressibility, (KsXlO"''/m^N"') of Sucrose in 0.5 
M aqueous L-lysine monohydrochloride solution as functions of 
concentration and temperature. 
m/ Temperature/K 
moLkg"^  298.15 303.15 308.15 313.15 318.15 323.15 
0.000 425 4A9 4A3 4^ 4^05 402 
0.049 4.22 4.15 4.09 4.05 4.01 3.98 
0.100 4.21 4.14 4.08 4.04 4.00 3.97 
0.152 4.20 4.13 4.07 4.03 3.99 3.96 
0.205 4.19 4.12 4.06 4.02 3.98 3.95 
0.259 4.18 4.11 4.05 4.01 3.97 3.94 
Table 2.2(f) Isentropic compressibility, (K^xlO'^N'^) of Maltose in 0.5 M 
aqueous L- lysine monohydrochloride solution as functions of concentration 
and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 425 4 l 9 4J3 4^09 4^05 4^02 
0.049 4.22 4.15 4.11 4.06 4.02 3.99 
0.100 4.21 4.14 4.08 4.04 4.00 3.97 
0.152 4.20 4.13 4.07 4.03 3.99 3.96 
0.205 4.19 4.12 4.06 4.02 3.98 3.95 
0.251 4.17 4.11 4.05 4.01 3.97 3.94 
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Table 2.3(a) Change (AKsXlO'^/mV) and relative change(AKrXlO"7m^N"') 
in isentropic compressibility of D-Glucose in 0.5 M aqueous L-Arginine 
solution as functions of concentration and temperature. 
m/mol. 0.049 0.099 0.149 0.200 0.251 
kg ' 
Temp./ AK^x AK,x AK,x AK^x AK,x AK,x AK,x AK,x AK^x AK,x 
K 10'' 10-^  10'^ 10"^  10"' 10"^  10"' 10"^  10"' 10^ 
298.15 Om 4^69 o!04 938 0!06 14.08 OM 18.77 o l o 23.47 
303.15 0.03 7.14 0.05 11.9 0.06 14.28 0.08 19.04 0.10 23.80 
308.15 0.02 4.83 0.03 7.24 0.05 12.07 0.06 14.49 0.07 16.90 
313.15 0.04 9.75 0.06 14.63 0.06 14.70 0.08 19.51 0.09 21.95 
318.15 0.04 9.85 0.06 14.77 0.06 14.78 0.07 17.24 0.09 22.16 
323.15 0.03 7.44 0.06 14.88 0.07 17.36 0.08 19.85 0.09 22.33 
Table 2.3(b) Change (AKSX10"' 'WN"') and relative change(AKrXlO-VmV) 
in isentropic compressibility of Sucrose in 0.5 M aqueous L-Arginine 
solution as functions of concentration and temperature. 
m/mol. 0.049 0.100 0.152 0.205 0.259 
Temp./ AKsX AK^x AK^x AK^x AK^x AK^x AKsX AK^x AK^x AK 
K 10-^  10"^  10'' 10-^  10"^  10-^  10'^  10"^  10^ 10-
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
0.04 
0.04 
0.04 
0.04 
0.03 
0.03 
9.38 
9.52 
9.66 
9.75 
7.38 
7.44 
0.06 
0.06 
0.06 
0.06 
0.05 
0.04 
14.08 
14.28 
14.49 
14.63 
12.31 
9.92 
0.07 
0.08 
0.07 
0.07 
0.06 
0.06 
16.43 
19.04 
16.90 
17.07 
14.77 
14.88 
0.08 
0.08 
0.08 
0.08 
0.08 
0.07 
18.77 
19.09 
19.32 
19.51 
19.70 
17.36 
0.10 
0.10 
0.09 
0.09 
0.09 
0.08 
23. 
23. 
21. 
21. 
22. 
19. 
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Table 2.3(c)Change (AKsXlO^/mV) and relative change (AK^XIQ-WN-') 
in isentropic compressibility of Maltose in 0.5 M aqueous L-Arginine 
solution as functions of concentration and temperature. 
m/mol. 0.049 0.100 0.152 0.205 0.251 
kg-' 
Temp./ AK,x AK^ x AK,x AK^ x AK,x AK^ x AK^ x AK x^ AK,x AK^ x 
K 10"' 10-^  10"'' 10-' 10' 10-' 10' 10"^  10' 10' 
298.15 004 938 005 iT23 007 16^ 43 O08 18.77 009 21.12 
303.15 O05 11.90 0.06 14.28 0.07 16.66 0.09 21.42 OlO 23.80 
308.15 0.03 7.24 0.04 9.66 0.06 14.49 0.07 16.90 0.08 19.32 
313.15 0.04 9.75 0.04 9.78 0.06 14.63 0.07 17.07 0.08 19.51 
318.15 0.03 7.38 O05 12.31 0.06 14.77 0.08 19.70 0.09 22.16 
323.15 0.03 7.44 0.05 12.40 0.06 14.88 0.07 17.36 0.08 29.85 
Table 2.3(d)Change (AKSXIQ-^WN"') and relative change (AKrXlO"VmV) 
in isentropic compressibility of D-glucose in 0.5 M aqueous L-lysine 
monohydrochloride solution as functions of concentration and temperature. 
m/mol 0.049 0.099 0.149 0.200 0J51 
•kg-' 
Temp. AK,x AK x^ AK x^ AK x^ AK,x AK x^ AKsX AK x^ AK x^ AK x^ 
/K 10' 10-^  10' 10-^  10' 10"^  lO"' 10'^  10^ 10^ 
298.15 0.02 4?70 003 7^ 05 O04 9A\ O05 11.76 0.07 16.47 
303.15 0.04 9.54 0.05 11.93 0.06 14.31 0.07 16.70 0.09 21.47 
308.15 0.02 4.84 0.03 7.26 0.04 9.68 0.05 12.10 0.06 14.52 
313.15 0.03 7.33 0.04 9.77 0.06 14.66 0.07 17.11 0.08 19.55 
318.15 0.03 7.40 0.05 12.34 0.06 14.81 0.07 17.28 0.08 19.75 
323.15 0.02 4.97 0.05 12.43 0.06 14.92 0.07 17.41 0.08 19.90 
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Table 2.3(e)Change (AKSXIO'^WN"') and relative change (AKrXlO'WN'') 
in isentropic compressibility of sucrose in 0.5 M aqueous L-lysine 
monohydrochloride solution as functions of concentration and temperature. 
m/mol 
•kg' 
Temp. 
/K 
0.049 
AK^x AKpX 
10-^  10-^  
0.100 
AK x^ AK x^ 
10"^  10-^  
0.152 
AIQx AKrX 
10-^  10-^  
0.205 
AIQx AKpX 
10' 10-' 
0.251 
AKsX AKrX 
10' 10"^  
298.15 0.03 7.05 0.04 9.41 0.05 11.76 0.06 14.11 0.07 16.47 
303.15 0.04 9.54 0.05 11.93 0.06 14.31 0.07 16.70 0.08 21.47 
308.15 0.04 9.68 0.05 12.10 0.06 14.52 0.07 16.94 0.08 19.37 
313.15 0.05 9.77 0.06 12.22 0.07 14.66 0.08 17.11 0.09 19.55 
318.15 0.04 9.87 0.05 12.34 0.06 14.81 0.07 17.28 0.08 19.75 
323.15 0.03 9.95 0.04 12.43 0.06 14.92 0.07 17.41 0.10 19.90 
Table 2.3(f) Change (AKsXlQ-^/mV) and relative change(AKrXlO'VmV) 
in isentropic compressibility of Maltose in 0.5 M aqueous L-lysine 
monohydrochloride solution as functions of concentration and temperature. 
m/mol 0.049 0.099 0.149 0.200 0.251 
•kg' 
Temp. AK,x AK x^ AK x^ AK x^ AK,x AK x^ AK x^ AK,x AK^x AK^x 
/K 10' 10-^  10' 10-^  10' 10^ 10' 10"' 10' 10^ 
298.15 0.03 7^06 004 9A\ 0^5 11.77 0.06 14.12 0.08 18.83 
303.15 0.04 9.54 0.05 11.93 0.06 14.32 0.07 16.70 0.08 19.09 
308.15 0.02 4.84 0.04 12.10 0.05 14.52 0.06 16.95 0.07 19.37 
313.15 0.03 7.33 0.05 12.22 0.06 14.67 0.07 17.11 0.08 19.56 
318.15 0.03 7.40 0.05 12.34 0.06 14.81 0.07 17.28 0.08 19.75 
323.15 0.02 7.46 0.03 12.44 0.04 14.93 0.05 17.41 0.07 19.90 
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Graph 2.1(a) Ultrasonic velocity, u (ms ' ) of D-Glucose in 0.5 IVI aqueous L-Arginine 
solution as function of concentration and temperature. 
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Graph 2.1(b) Ultrasonic velocity, u (ms' ) of Sucrose in 0.5 M aqueous L-Arginine 
solution as function of concentration and temperature. 
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Graph 2.1(c) LItrasonic velocity, u (ms' ) of Maltose in 0.5 M aqueous L-Arginine 
solution as function of concentration and temperature. 
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Table 2.1(d) Ultrasonic velocity, u (ms' ) of D-Glucose in O.S M aqueous L-lysine monohydrochloride solution as 
function of concentration and temperature. 
1620 
1610 
1600 
1590 
1S80 
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1540 
1530 
1520 
1510 
a05 0.1 0.15 
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oa 0.25 
-T/I&49CIS - T / K - j a 3 . l 5 riK'lM.lS - T / I & = 3 I 3 L I 5 -T/K'318.IS • -T/K-<323.1S 
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Graph 2.1(e) Ultrasonic velocity, u (ms' ) of Sucrose in 0.5 M aqueous L-lysine 
monohydrochloride solution as function of concentration and temperature. 
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Graph 2.1(f) Ultrasonic velocity, u (ms ' ) of Maltose in 0.5 IVI aqueous L-lysine 
monohydrochloride solution as function of concentration and temperature. 
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function of concentration and temperature. 
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Graph 2.2(b) Isentropic compressibility, (KsxlO'/m^N"') of Sucrose in 0.5 M aqueous L-
Arginine solution as function of concentration and temperature. 
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function of concentration and temperature. 
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Graph 2.2(d) Isentropic compressibility. (KsxIO'Vm^N"') of D-glucose in 0.5 M aqueou 
monoliydrocllloride solution as function of concentration and temperature. 
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Graph 2.2(e) Isentropic compressibility, (Ks^lO'Vm^N'') of Sucrose in 0.5 IV1 aqueous L-lysine 
monohydrochloride solution as function of concentration and temperature. 
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Graph 2.2(f) Isentropic compressibility, (Ks^lO /m N' ) of Maltose in 0.5 M aqueous L- lysine 
monohydrochloride solution as function of concentration and temperature. 
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Fig 23(a) Relative change(AKrX|0 /m N ' ) in isentropic compressibility of D-Glucose in 0.5 M aqueous L-
Arginine solution as function of concentration and temperature. 
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Fig 23(b) Relative change (AK x^lO /m N~ ) in isentropic compressibility of Sucrose in 0.5 M aqueous L-
Arginine solution as function of concentration and temperature. 
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Graph 23(c) Relative change in isentropic compressibility, (AK,xlO''/in^N'') of Maltose in 
0.5 IVI aqueous L-Arginine solution as function of concentration and temperature. 
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Fig 2.3(d) Relative change (AKr^lO' /m N' ) in isentropic compressibilityof D-glucose in 0.5 M aqueous L-lysine 
monoliydrochloride solution as function of concentration and temperature. 
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Fig 23(e) Relative change (AKr^lO^^/m^N'') in isentropic compressibilityof sucrose in O.S M aqueous L-lysine 
monohydrochloride solution as function of concentration and temperature. 
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Rg 2.3(f) Relative change (AK^^IO /m N' ) in isentropic compressibility of Maltose in 0.S M aqueous L-lysine 
monohydrochloride solution as function of concentration and temperature. 
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values vary linearly with concentration and show no definite trend 
with temperature. 
It is noteworthy that AKr values increase with increase in 
concentration of different saccharides, which may be attributed to an 
increase in the incompressible entities and increase in the solvation of 
such molecules while no regular trend is exhibited with temperature. 
The experimental values of density and ultrasonic velocity are used to 
give specific acoustic impedance, Z and relative association, RA. 
The values of 'Z' [table 2.4(a-f)] are found to increase with 
increase in the content of different saccharides and temperature. Fig 
2.4 (a-f) shows the variation of Z with concentration. 
The values of change in specific acoustic impedance, AZ, have 
been reported in table 2.5 (a-f). It is seen from the table, that AZ 
values increase with concentration of saccharides [fig 2.5(a-f)], but do 
not show regular trend with temperature. 
Relative association (RA), obtained from equation (6) is listed 
in table 2.6(a-f). It is noteworthy that relative association (RA) values 
increase with concentration, and do not show regular trend with 
temperature. The relative association is influenced by two factors: 
1. The breaking up of solvent molecules on addition of solute in it. 
2. The solvation of solute molecules. 
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Table 2.4(a) Specific acoustic impedance, (ZxlO^/Kg.m'^s"') of D-Glucose 
in 0.5 M aqueous L-Arginine solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1581.00 1588.73 1594.70 1599.03 1601.88 1604.02 
0.049 1591.75 1601.08 1606.34 1613.66 1616.61 1616.77 
0.099 1601.35 1610.67 1613.98 1623.89 1627.60 1628.96 
0.149 1611.32 1619.66 1624.83 1631.25 1635.18 1637.89 
0.200 1622.55 1631.08 1634.16 1641.47 1642.93 1645.78 
0.251 1633.16 1641.63 1642.53 1651.25 1654.08 1655.99 
Table 2.4(b) Specific acoustic impedance, (ZxlO''/Kg.m"^s'') of Sucrose in 
0.5 M aqueous L-Arginine solution as functions of concentration and 
temperature. 
m/ Temperature/K 
moLkg'^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1581.00 1588.73 1594.70 1599.03 1601.88 1604.02 
0.049 1600.45 1609.66 1616.86 1618.96 1622.39 1623.67 
0.100 1611.39 1626.49 1634.24 1636.62 1639.56 1640.70 
0.152 1632.30 1642.01 1649.66 1651.79 1654.89 1655.78 
0.205 1647.55 1656.76 1663.80 1667.16 1671.16 1671.55 
0.259 1663.76 1672.31 1678.89 1683.00 1685.10 1687.05 
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Table 2.4(c) Specific acoustic impedance, (ZxlO^/Kg.m" s") of Maltose in 
0.5 M aqueous L-Arginine solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg-^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1581.00 1588.73 1594.70 1599.03 1601.88 1604.02 
0.049 1602.09 1611.77 1615.33 1619.64 1622.59 1624.45 
0.100 1617.28 1627.03 1630.72 1634.95 1640.40 1640.82 
0.152 1633.29 1643.34 1647.45 1650.44 1656.28 1657.22 
0.205 1648.33 1658.81 1662.40 1667.00 1671.83 1675.02 
0.251 1663.50 1674.04 1677.64 1682.11 1687.13 1687.93 
•y 9 1 
Table 2.4(d) Specific acoustic impedance, (ZxlO /Kg.m" s") of D-Glucose 
in 0.5 M aqueous L-lysine monohydrochloride solution as function of 
concentration and temperature. 
m/ Temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1584.11 1590.80 1597.66 1601.84 1604.93 1605.99 
0.049 1595.31 1604.61 1611.55 1615.23 1616.77 1618.38 
0.099 1603.69 1614.47 1617.14 1620.11 1621.63 1623.23 
0.149 1611.76 1623.50 1628.38 1634.73 1639.12 1640.98 
0.200 1621.24 1633.48 1636.32 1642.15 1646.98 1647.86 
0.251 1632.37 1644.48 1645.86 1654.00 1656.44 1657.37 
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Table 2.4(e) Specific acoustic impedance, (ZxlO /Kg.m" s" ) of Sucrose in 
0.5 M aqueous L-lysine monohydrochloride solution as function of 
concentration and temperature. 
m/ Temperature/K 
mol.kg-^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1584.11 1590.80 1597.66 1601.84 1604.93 1605.99 
0.049 1602.27 1612.29 1619.62 1622.79 1626.74 1627.94 
0.100 1616.74 1627.39 1635.00 1637.93 1641.04 1642.65 
0.152 1632.15 1643.60 1650.53 1653.71 1656.71 1657.72 
0.205 1647.93 1657.99 1666.46 1669.82 1672.88 1674.42 
0.259 1662.85 1672.33 1680.55 1683.90 1687.16 1688.95 
Table 2.4(f) Specific acoustic impedance, (ZxlO^/Kg.m'^^s'') of Maltose in 
0.5 M aqueous L-lysine monohydrochloride solution as functions of 
concentration and temperature. 
m/ Temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1584.11 1590.80 1597.66 1601.84 1604.93 1605.99 
0.049 1603.76 1613.32 1616.53 1620.63 1623.58 1625.87 
0.100 1618.79 1629.17 1635.93 1638.80 1642.69 1643.68 
0.152 1634.36 1643.80 1651.25 1654.44 1657.56 1659.10 
0.205 1648.85 1659.42 1667.69 1670.60 1674.21 1675.48 
0.251 1663.97 1673.66 1681.01 1685.16 1688.54 1689.81 
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Table 2.5(a) Relative change in acoustic impedance, (AZxlO^/Kg.m'^s"') of 
D-Glucose in 0.5 M aqueous L-Arginine solution as functions of 
concentration and temperature. 
m/ Temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 rO?75 1235 UM iA63 1473 12.75 
0.099 20.35 21.94 19.28 24.86 25.72 24.94 
0.149 30.32 30.93 30.13 32.22 33.30 33.87 
0.200 41.55 42.35 39.46 42.44 41.05 41.76 
0.251 52.16 52.90 47.83 52.22 52.20 51.97 
Table 2.5 (b) Relative change in acoustic impedance, (AZxlO^/Kg.m'^s'') of 
Sucrose in 0.5 M aqueous L-Arginine solution as functions of concentration 
and temperature. 
m/ Temperature/K 
moLkg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 19^45 20.93 22.16 19^93 20.51 19.65 
0.100 36.39 37.76 39.54 37.59 37.68 36.68 
0.152 51.30 53.28 54.96 52.76 53.01 51.76 
0.205 66.55 68.03 69.10 68.13 69.28 67.53 
0.259 82.76 83.58 84.19 83.97 83.22 83.03 
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Table 2.5 (c) Relative change in acoustic impedance, (AZxlO^/Kg.m'^s"') of 
Maltose in 0.5 M aqueous L-Arginine solution as functions of concentration 
and temperature. 
m/ Temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 21.09 23.04 20.63 2061 20.71 20.43 
0.100 36.28 38.30 36.02 35.92 38.52 36.80 
0.152 52.29 54.61 52.75 51.41 54.40 53.20 
0.205 67.33 70.08 67.70 67.97 69.95 71.00 
0.259 82.50 85.31 82.94 83.68 85.25 83.91 
Table 2.5(d) Relative change in acoustic impedance, (AZxlO^/Kg.m'^s'^) of 
D-Glucose in 0.5 M aqueous L-lysine monohydrochloride solution as 
functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 VLlb 1181 1189 1339 1^84 12.39 
0.099 19.58 23.67 19.48 18.27 16.70 17.24 
0.149 27.65 32.70 30.72 32.89 34.19 34.99 
0.200 37.13 42.68 38.66 40.13 42.05 41.87 
0.251 48.26 53.68 48.20 52.16 51.51 51.38 
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Table 2.5 (e) Relative change in acoustic impedance, (AZxlO'^/Kg.m'^s"') of 
Sucrose in 0.5 M aqueous L-lysine monohydrochloride solution as function 
of concentration and temperature. 
m/ Temperature/K 
molkg"* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1806 21.49 21.96 20.95 21781 21.95 
0.100 32.63 36.59 37.34 36.09 36.11 36.66 
0.152 48.04 52.80 52.87 51.87 51.78 51.73 
0.205 63.82 67.19 68.80 67.98 68.04 68.43 
0.251 78.74 81.53 82.89 82.06 82.23 82.96 
n 7 1 
Table 2,5 (f) Relative change in acoustic impedance, (AZx 10 /Kg.m' s" ) of 
Mahose in 0.5 M aqueous L-lysine monohydrochloride solution as function 
of concentration and temperature. 
m/ Temperature/K 
moLkg^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 19^65 22.52 18^66 i8?79 18^65 19.88 
0.100 34.68 38.37 38.27 36.96 37.76 37.69 
0.152 49.75 53.00 53.59 52.60 52.63 53.11 
0.205 64.74 68.62 70.03 68.76 69.28 69.49 
0.251 79.86 82.86 83.35 83.32 83.61 83.82 
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Table 2.6(a) Relative association (RA) of D-Glucose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.00152 1.00120 1.00137 1.00076 1.00075 1.00120 
0.099 1.00329 1.00299 1.00357 1.00245 1.00243 1.00261 
0.149 1.00486 1.00491 1.00512 1.00473 1.00454 1.00458 
0.200 1.00630 1.00620 1.00699 1.00643 1.00675 1.00678 
0.251 1.00775 1.00768 1.00892 1.00822 1.00828 1.00850 
Table 2.6 (b) Relative association (RA) of Sucrose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg'* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.00322 1.00274 1.00311 1.00360 1.00324 1.00376 
0.100 1.00698 1.00676 1.00626 1.00772 1.00705 1.00818 
0.152 1.01100 1.01070 1.01080 1.01111 1.01125 1.01169 
0.205 1.01491 1.01485 1.01456 1.01529 1.01514 1.01560 
0.259 1.01847 1.01857 1.01907 1.01886 1.01924 1.01950 
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Table 2.6 (c) Relative association (RA) of Maltose in 0.5 M aqueous L-
Arginine solution as functions of concentration and temperature. 
m/ Temperature/K 
moI.kg-^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.00314 1.00315 1.00317 1.00323 1.00333 1.00340 
0.100 1.00752 1.00749 1.00750 1.00751 1.00727 1.00766 
0.152 1.01123 1.01115 1.01158 1.01186 1.01149 1.01179 
0.205 1.01845 1.01848 1.01784 1.01828 1.01777 1.01758 
0.251 1.02264 1.02281 1.02239 1.02219 1.02180 1.02203 
Table 2.6(d) Relative association (RA) of D-Glucose in 0.5 M aqueousL-
lysine monohydrochloride solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg'^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.00169 1.00106 1.01316 1.00116 1.00149 1.00138 
0.099 1.00399 1.00316 1.00395 1.00326 1.00409 1.00315 
0.149 1.00633 1.00533 1.00567 1.00516 1.00550 1.00464 
0.200 1.00840 1.00732 1.00807 1.00778 1.00710 1.01197 
0.251 1.01015 1.00909 1.01005 1.00929 1.00930 1.01406 
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Table 2.6 (e) Relative association (RA) of Sucrose in 0.5 M aqueous L-
lysine monohydrochloride solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg-* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.00362 1.00296 1.00279 1.00315 1.00284 1.00286 
0.100 1.00803 1.00739 1.00719 1.00751 1.00731 1.00720 
0.152 1.01212 1.01137 1.01143 1.01183 1.01177 1.01170 
0.205 1.01673 1.01435 1.01586 1.01606 1.01604 1.01597 
0.259 1.02002 1.01805 1.01938 1.01965 1.02047 1.02027 
Table 2.6 (f) Relative association (RA) of Maltose in 0.5 M aqueous L-
lysine monohydrochloride solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg-' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.00370 1.00295 1.00373 1.00381 1.00380 1.00372 
0.100 1.00835 1.00607 1.00750 1.00791 1.00799 1.00761 
0.152 1.01296 1.01073 1.01218 1.01244 1.01252 I.0I234 
0.205 1.01776 1.01539 1.01670 1.01707 1.01698 1.01687 
0.251 1.02138 1.01913 1.02057 1.02080 1.02071 1.02052 
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Fig2.4(8)Speciric acoustic impedance,(ZxlO^/Kg.m'^s') of D-Glucosein 0.5 M aqueousL-
Arginine solution as function of concentration and temperature. 
1680 
1660 
_^ 1640 • 
'sn 
'^ 1620 ^ 
^ i 
•o 1600 ^ 
.a N 
o. 
1580 
1560 
1540 +^  
0.049 0.099 0.149 
Concenteration (m/moi.kg~') 
0.2 0.251 
- T/K=29«.15 -*- T/K'^ 303.15 T/Kr'SM.lS ^<- T/K=313.15 ^i- T/K=3I«.15 - ^ T/K'°323.15 \ 
Fig 2.4(b) Specific acoustic impedance, (ZxlO^/Kg.m'^ s"') of Sucrose in 0.5 M aqueous L-
Arginine solution as function of concentration and temperature. 
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Fig 2.4(c) Specific acoustic impedance, (Zxl(r/Kg.m'V') of Maltose in 0.5 M aqueous L-Arginine solution as 
function of concentration and temperature. 
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Table 2.4(d)Speciric acoustic impedance, (ZxlO^/Kg.m'V) of D-Glucose in 0.5 M aqueous 
L-lysine monohydrochloride solution as function of concentration and temperature. 
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Fig 2.4(e) Specific acoustic impedance, (Z><10 /Kg.m' s') of Sucrose in 0.5 M aqueous L-
lysine monohydrochloride solution as function of concentration and temperature. 
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Fig 2.4(f) Specific acoustic impedance, (ZxlO^/Kg.m'V) of Maltose in 0.5 M aqueous L-
lysine monohydrochloride solution as function of concentration and temperature. 
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Fig 2.5(a)$pecific acoustic impediince, (Zxl(P/Kg.m~^$'') of D-Glucose In 0.5 M aqueous L-Arginine solution as 
function of concentration and temperature 
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Fig 2.S(b) Specific acoustic impedance, (Zxl(P/Kg.ni'V') of Sucrose in 0.5 M aqueous L-Arginine solution : 
function of concentration and temperature. 
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Fig 2.5(c) Specific acoustic impedance, (ZxlO^/Kg.m'V) of Maltose in 0.5 M aqueous L-Arginine solution as 
function of concentration and temperature. 
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Fig 2.S(d)Specific acoustic impedance, (Zx Iff'/Kg.m'V) of D-Glucose in 0.5 M aqueous L-lysine 
monohydrochloride solution as function of concentration and temperature. 
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Fig 2.5(f) Specific acoustic impedance, (ZxlO /^Kg-m'^ s') of Sucrose in 0.5 M aqueous L-lysine 
monohydrocliloride solution as function of concentration and temperature. 
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Fig 2.5(f) Specific acoustic Impedance, (ZxlO /^Kg.m'^ s') of Maltose in O.S M aqueous L-lysine 
monohydrochloride solution as function of concentration and temperature. 
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The former results in decrease and the latter in increase of association 
in a system. RA values increases with increase in concentration of 
sugar, which suggests that the second factor is predominant over the 
first. 
The values of apparent molal isentropic compressibility [table 2.7 
(a-f)] are all negative over the entire range of molality, similar results 
have been reported by Prakash et al. [40]. 
The results can be explained by postulating that the polar OH 
groups of saccharides interact with the surrounding solvent water 
through dipole interaction in such a way that the surrounding water 
loses its own compressibility to a certain extent and degree of 
organization of water molecules increases by forming clusters in the 
vicinity of protein, so it will limit the denaturation of protein by 
encouraging the hydrophobic interactions in its molecules. Thus, 
unfavorable (or polar) environment produced by saccharide molecules 
will increase the stability of proteins by reducing the extent of 
denaturation. 
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Table 2.7(a) Apparent molal isentropic compressibility ((j)ksxl0'^ /bar"'. 
m^mol'') of D-glucose in 0.5 M aqueous L-Arginine solution as functions 
of concentration and temperature. 
m/ Temperature/K 
mol.kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 T 0 6 T 0 2 ^^ 914 '^sJl ^7^89 TlS 
0.099 -1.08 -1.20 -4.12 -1.12 -7.75 -1.26 
0.149 -1.10 -9.98 -1.59 -0.87 -1.47 -0.82 
0.200 -1.09 -1.02 -1.93 -0.88 -1.81 -2.02 
0.251 -1.09 -1.20 -2.14 -1.26 -2.00 -1.16 
Table 2.7(b) Apparent molal isentropic compressibility ((j)ks x 10"^  / bar"'. 
m .mol') of Sucrose in 0.5 M aqueous L-Arginine solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg-' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 AA7 T 3 3 ^ 9 T 0 9 ^^^98 -2.64 
0.100 -3.48 -3.45 -3.31 -3.18 -6.08 -4.68 
0.152 -4.96 -4.83 -4.66 -4.58 -6.43 -5.04 
0.205 -5.66 -5.51 -5.37 -5.24 -6.12 -5.59 
0.259 -5.86 -5.53 -5.80 -5.70 -6.36 -5.92 
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Table 2.7(c) Apparent molal isentropic compressibility ((j)|cs x 10" / bar''. 
m .mol') of Maltose in 0.5 M aqueous L-Arginine solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 ^l05 T24 ^178 ^l68 T 6 l ITsl 
0.100 -5.16 -4.01 -5.88 -5.78 -6.65 -4.61 
0.152 -5.61 -5.38 -5.91 -5.82 -7.02 -5.66 
0.205 -5.64 -5.02 -5.93 -5.88 -6.29 -5.78 
0.251 -5.92 -5.39 -6.13 -6.07 -6.37 -5.95 
Table 2.1(d) Apparent molal isentropic compressibility ((()ks x 10'^  / bar"'. 
m .^mol"') of D-glucose in 0.5 M aqueous L-lysine monohydrochloride 
solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg"^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 8^^ 85 3 J J 'JJl T24 ^130 -6.82 
0.099 -1.91 -1.60 -1.81 -7.59 -2.98 -2.99 
0.149 -2.19 -0.78 -2.08 -6.86 -6.89 -6.51 
0.200 -2.35 -1.27 -2.23 -1.17 -1.18 -1.16 
0.251 -2.05 -1.17 -2.33 -1.49 -1.45 -6.58 
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Table 2.7(e) Apparent molal isentropic compressibility ((j)ks x 10"^  / bar"'. 
m^.mol' ) of Sucrose in 0.5 M aqueous L-lysine monohydrochloride 
solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg'^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 ^339 ^T23 ^128 9^^ 95 ^9?79 -9.05 
0.100 -5.48 -4.31 -4.17 -4.12 -4.03 -3.96 
0.152 -6.19 -5.13 -5.23 -5.14 -5.03 -4.99 
0.205 -6.44 -5.84 -5.69 -5.61 -5.56 -5.47 
0.259 -6.77 -6.23 -6.12 -6.03 -5.82 -5.76 
Table 2.7(f) Apparent molal isentropic compressibility ((j)ks x 10'^  / bar" . 
m^.mol"') of Maltose in 0.5 M aqueous L- lysine monohydrochloride 
solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 ^3M T 7 9 ^5?70 3^58 3^48 -3.41 
0.100 -5.93 -4.83 -4.73 -4.59 -4.54 -4.47 
0.152 -6.00 -5.82 -5.68 -5.61 -5.52 -5.47 
0.205 -6.92 -6.30 -6.18 -6.11 -6.02 -6.47 
0.251 -6.61 -6.50 -6.38 -6.29 -6.21 -6.16 
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INTRODUCTION 
Urea is a bio-molecule, a physiologically important 
compound, a non-electrolyte and a strong denaturant of proteins [1-
3]. Kauzmann and Coworkers [4-8] concluded that the denaturation 
of a protein requires a large number of urea molecules in an 
aqueous solution. Two concepts [9] have guided the investigation of 
the effect of urea in last 40 years. The first m involves urea 
indirectly altering the structure of the solvent. This mechanism is 
described by Frank and Franks [10] which considers urea as a 
"water structure breaker". The second mechanism [11] proposes 
that the polypeptide is solvated by both urea and water. 
A molecular dynamics calculation has indicated that urea 
molecule can enter into water structure without breaking it 
noticeably [12]. The structure breaking/ making effects of urea on 
water may also be interpreted in terms of the pair wise interaction 
coefficients of the virial expansions of the excess Gibbs free energy, 
enthalpy and entropy. On the basis of the sign and magnitude of pair 
wise enthalpic, Hxx, entropic, Sxx and Gibbs free energy, Gxx, 
coefficients, urea is considered to be a hydrophilic structure breaker 
solute. Its presence as a co-solvent lowers the degree of structure of 
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the medium with respect to the reference state, namely pure water 
because its polar geometry is not compatible with the tetrahedral 
arrangement of water molecules. Thus, the presence of urea 
enhances the entropy and enthalpy of bulk water. When solvated 
solute molecules interact in the presence of urea, the change in 
enthalpy and entropy could be more marked compared with that 
occurring in pure water. 
Proteins are large complex molecules; the direct study of 
protein water interaction is difficult. One approach that reduces the 
degree of complexity and requires less complex measurement 
techniques is to study the interactions in systems containing smaller 
bio molecules, such as amino acids. Investigation on volumetric and 
viscometric properties of model compounds such as amino acids / 
peptides provide valuable information that ultimately leads to a 
better understanding of the behavior of macromolecules or proteins. 
Extensive research work related to the volumetric and thermo-
chemical studies of amino acids in aqueous solutions [13-17] and in 
aqueous solutions of salts [18-20], saccharides [21-25] and polyols 
[26] which mainly reflects the solute-solvent interactions has been 
carried out. However studies of amino acids in aqueous urea 
165 
solutions are limited [27-30]. Aim of the present work is to study 
the molecular interactions in protein-urea-water system using the 
aqueous urea solutions. Since volumetric and viscometric data on 
the constituents of proteins in presence of urea is scare, therefore, in 
order to understand the behavior of proteins in aqueous urea 
solutions, the volumetric and viscometric properties of a-amino 
acids (L-lysine monohydrochloride, L- Arginine and L-Histidine) in 
0.5 M urea solution at different temperatures have been studied. 
Viscometric studies have been used to understand the protein 
unfolding process [31] and the hydrophobic interactions of non-
polar side chains [32]. The viscosities of amino acids/peptides, 
aqueous/mixed aqueous solution depend on the relative magnitude 
of electrostriction caused by the polar end groups, structure 
enforcing influence of the hydrophobic alkyl groups and the extent 
of interactions between the hydrophilic and hydrophobic groups. 
According to J. Daniel et.al [33] charge distribution in amino 
acid/peptide are less important than the size and structure of 
hydrocarbon portion in determining viscosities of aqueous solutions 
containing these solutes. The viscometric properties of amino acids 
and peptides have been measured by a number of authors in 
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aqueous/aqueous electrolytes/ mixed aqueous solutions and mixed 
organic solvent systems [34-38]. 
The apparent molal volume values are known to be 
sensitive to interactions between solute and solvent. The 
apparent molal volume at infinite dilution which is also known 
as partial molal volume has proved to be very useful tool in 
elucidating the structural interactions (i.e. ion-ion, ion- solvent 
and solvent-solvent) occurring in solutions. 
Corradini et al. [39] and Palepu [40] have calculated 
various thermodynamic parameters of activation of viscous 
flow by least squares fitting the density and viscosity data to 
empirical equations stating their dependence on the type and 
strength of interactions between the components of the mixture. 
Palepu et al. [40] have calculated such thermodynamic 
parameters for the acid base mixtures, while Corradini [39] and 
coworkers have obtained these for the binary mixture of 
alcohols and amides. 
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RESULT AND DISCUSSION 
The density data of a-amino acids (L-Iysine monohydrochloric, 
L-Arganine and L-histidine) in urea solution for several concentrations 
and temperatures have been given in table 3.1(a-c). The density values 
have been found to exhibit the usual decrease with an increase in 
temperature and increase with increase in concentration of amino 
acids. 
From the density data the apparent molal volume (V<D) is 
calculated using the standard expression: 
1000(p - p ) M 
mp^p p 
Where M is the molecular weight of solute, m is molality 
(mol.kg''^ of saccharide solution, p and p° are the densities of solution 
(urea+amino acid+water) and solvent (urea+water) respectively. The 
magnitudes of Vo obtained are all positive and increase with 
concentration of solute indicating strong solute-solvent interaction. 
The calculated values of Va,are all included in table 3.2(a-c). From the 
VcD data, Vo versus m curves have been drawn, a linear plot is obtained. 
In all cases positive slope is obtained which is represented by 
Masson's equation [41] 
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Table 3.1(a) Densities, (p/g.cm") of L-Histidine in 0.5 M aqueous Urea 
solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg-^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 TqosI 1.0030 1.0013 0.9990 0.9970 0.9950 
0.048 1.0073 1.0052 1.0035 1.0012 0.9992 0.9972 
0.099 1.0097 1.0076 1.0059 1.0036 1.0016 0.9996 
0.149 1.0119 1.0098 1.0081 1.0058 1.0038 1.0018 
0.203 1.0144 1.0123 1.0105 1.0082 1.0062 1.0042 
0.255 1.0166 1.0145 1.0128 1.0105 1.0085 1.0065 
Table 3.1(b) Densities, (p/g.cm'^) of L-Arginine in 0.5 M aqueous Urea 
solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.0051 1.0030 1.0013 0.9990 0.9970 0.9950 
0.049 1.0074 1.0053 1.0036 1.0013 0.9993 0.9973 
0.100 1.0098 1.0077 1.0059 1.0037 1.0017 0.9997 
0.151 1.0120 1.0099 1.0082 1.0059 1.0039 1.0019 
0.204 1.0143 1.0122 1.0105 1.0082 1.0062 1.0042 
0.256 1.0165 1.0144 1.0127 1.0104 1.0084 1.0064 
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Table 3.1(c) Densities, (p /g.cm") of L-Lysine monohydrochloride in 0.5 M 
aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg"* 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1.0051 1.0030 1.0013 0.9990 0.9970 0.9950 
0.049 1.0077 1.0056 1.0039 1.0016 0.9996 0.9976 
0.100 1.0103 1.0082 1.0065 1.0042 1.0022 1.0002 
0.151 1.0129 1.0108 1.0091 1.0068 1.0048 1.0028 
0.204 1.0155 1.0134 1.0117 1.0094 1.0074 1.0054 
0.256 1.0179 1.0159 1.0142 1.0119 1.0099 1.0079 
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Fig 3.1(a) Densities, (p/g.cm ) of L-Histidine in 0.5 M aqueous Urea solution as functions of concentration and 
temperature. 
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Fig 3.1(c) Densities, (p /g.cni ) of L-Lysine monohydrocliloride in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
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Table 3.2(a) Apparent molal volume (Vd, /cm^.mol'') of L-Histidine in 0.5 
M aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.048 105.91 106.44 106.86 107.43 107.93 108.43 
0.099 106.00 106.50 106.94 107.49 108.03 108.48 
0.149 106.14 106.64 107.06 107.69 108.18 108.68 
0.203 106.24 106.75 107.26 107.83 108.31 108.80 
0.255 106.36 106.87 107.37 107.92 108.41 108.90 
Table 3.2(b) Apparent molal volume (Vo /cm .mol" ) of L-Arginine in 0.5 
M aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg-* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 125.39 125.95 126.40 127.02 127.55 128.09 
0.100 125.49 126.06 126.50 127.12 127.64 128.18 
0.151 125.58 126.20 126.65 127.26 127.78 128.31 
0.204 125.76 126.31 126.75 127.36 127.88 128.41 
0.256 125.87 126.41 126.85 127.45 127.97 128.50 
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Table 3.2(c) Apparent molal volume (Vo /cm .mol') of L-Lysine 
monohydrochloride in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 127.51 128.11 128.60 129.26 129.84 130.42 
0.100 127.57 128.16 128.65 129.31 129.89 130.47 
0.151 127.66 128.25 128.74 129.39 129.98 130.55 
0.204 127.72 128.31 128.88 129.46 130.06 130.63 
0.256 127.90 128.48 128.92 129.52 130.12 130.68 
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Graph 3.2(a) Apparent molal volume (VO /cm .mol') of L-Histidine in 0.5 M aqueous 
I'rea solution as function of concentration and temperature. 
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Graph 3.2(b) Apparent molal volume (V<t» /cm'.mol"') of L-Arginine in 0.5 M aqueous 
Urea solution as function of concentration and temperature. 
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Fig 3.2(c) Apparent molal volume {\<S> /cIn^mo^') of L-Lysine monohydrochloride in 0.5 
!VI aqueous L'rea solution as function of concentration and temperature. 
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Vo = Vo° + Sv m (ii) 
The intercept Y^\ which is the limiting apparent molal volume 
of the solute (equal to the partial molal volume at infinite dilution) is 
obtained by the least square fitting of Vo values to the above equation. 
These values along with experimental slope (Sv) are reported in table 
3.3(a-c). The plots of Vo against m are linear in all cases. V(D° reflects 
the effect of solute-solvent interaction and is independent of the 
solute-solute interactions while the magnitude of slope is related to 
solute-solute interactions. The values obtained for Y0 are all positive 
and increase with solute concentration and temperature suggesting 
strong solute-solvent interaction. The increase in Vo° values for all 
amino acids may be attributed to the increase in solute-solvent 
interaction. Presently observed Y^ values are also higher in 
urea+water mixtures than in water. The Vo" increases almost linearly 
with concentration. Values of Sy are found to be positive but smaller 
than Vo" values, suggesting that solute-solute interactions are weaker 
than solute-solvent interactions. In this system, Sv decreases with 
temperature indicating the decrease in solute-solute interaction i.e 
structure breaking with rise in temperature. 
The partial molal volumes of transfer of amino acids fi-om water to 
aqueous urea solutions at infinite dilution (AVtr) were evaluated from 
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AVtr= Vd)" (in aq. Urea soln.) - Y,t° (in water) (iii) 
The value of AVtr is by definition fi^ee fi*om solute-solute 
interaction therefore provides information regarding solute-solvent 
interactions , AVtr results are illustrated in table 3.4 (a-c).The AVtr 
values increase with increasing temperature suggesting that the amino 
acids here studied are structure breakers in aqueous urea solutions. 
Further, the increase in Vo° and AVtr suggest that the electrostriction 
effect is decreased in mixed solvent (urea+water) as compared with 
that in pure water, which brings about the increase in the volume of 
the solvent. The Vo" values show an increase with the increase of 
temperature. Such an increase at higher temperatures is generally 
attributed to an increase in hydration volumes. 
The measured viscosity values at various temperatures (298.15, 
303.15, 308.15, 313.15, 318.15 and 323.15) K for the ternary solutions 
(amino-acid + urea+ water) as function of concentration and 
temperature are listed in table 3.5(a-c). The viscosity values of amino 
acids decrease with increase in temperature at different concentrations. 
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Table 3.3 (a) Partial molal volume (V<i,° /cm^mol'') and experimental slope 
Sv (cm^mol"^ ^^  .l^ '^^ ) of a-amino acids in 0.5M aqueous Urea solution as 
function of temperatures. 
Temp./K 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
L-Lysine 
monohydrochloride 
Vo° 
127.39 
128.03 
128.50 
129.19 
129.76 
130.35 
Sv 
1.79 
1.40 
1.68 
1.25 
1.37 
1.31 
L-Arginine 
Vo° 
125.25 
125.84 
126.29 
126.91 
127.44 
127.98 
Sv 
2.37 
2.25 
2.21 
2.12 
2.08 
2.02 
L-Histidine 
0 
105.79 
106.31 
106.70 
107.28 
107.81 
108.31 
Sv 
2.20 
2.14 
2.58 
2.54 
2.39 
2.33 
o -3 1 
Table 3.3 (b) Partial molal volume( Vo /cm .mole' ) of L-Lysme 
monohydrochloride, L-Arginine and L-Histidine in water as function of 
temperatures. 
L-Lysine 
Temp./K L-Arginine L-Histidine 
monohydrochloride 
298.15 125.46 123.65 99.15 
303.15 
308.15 
313.15 
318.15 
323.15 
125.50 
125.58 
126.01 
126.28 
126.49 
123.78 
124.01 
124.14 
124.23 
124.31 
99.64 
100.02 
100.59 
101.10 
101.58 
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Fig 3.3(a) Partial molal volume( V«J)°/ cm^mol'') of a-amino acids in 0.5M aqueous Urea 
solution at diflerent temperatures. 
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Table 3.4 Transfer volume (AVtr /cm .mol" ) of a-amino acids in 0.5M 
aqueous Urea solution as function of temperatures. 
L-Lysine 
Temp./K L-Arginine L-Histidine 
monohydrochloride 
298.15 r93 L60 6^ 64 
303.15 
308.15 
313.15 
318.15 
323.15 
2.53 
2.92 
3.18 
3.48 
3.86 
2.06 
2.28 
2.77 
3.21 
3.67 
6.67 
6.68 
6.69 
6.71 
6.73 
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Table 3.5(a) Viscosity (rjxlO'^ / N.s.m'^ ) of L-Histidine in 0.5 M aqueous 
Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 0.8948 0.8077 0.7284 0.6668 0.6043 0.5518 
0.048 0.9096 0.8192 0.7317 0.6744 0.6109 0.5679 
0.099 0.9325 0.8421 0.7646 0.7073 0.6438 0.5908 
0.149 0.9654 0.8750 0.7975 0.7302 0.6767 0.6237 
0.203 0.9983 0.9079 0.8204 0.7631 0.7096 0.6566 
0.255 1.0012 0.9308 0.8533 0.7960 0.7325 0.6895 
Table 3.5(b) Viscosity (r|xlO"V N.s.m"^) of L-Arginine in 0.5 M 
aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg"^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 0.8948 0.8077 0.7284 0.6668 0.6043 0.5518 
0.049 0.9202 0.8286 0.7408 0.6733 0.6193 0.5759 
0.100 0.9530 0.8614 0.7736 0.7061 0.6480 0.6087 
0.151 0.9825 0.8942 0.8064 0.7389 0.6849 0.6315 
0.204 1.0186 0.9270 0.8392 0.7717 0.7177 0.6643 
0.256 1.0414 0.9598 0.8720 0.8045 0.7390 0.6971 
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Table 3.5(c) Viscosity (rjxlO' / N.s.m" ) of L-Lysine 
monohydrochloride in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
m/ Temperature/K 
moKkg^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 0.8948 0.8077 0.7284 0.6668 0.6043 0.5518 
0.049 0.9357 0.8475 0.7556 0.6880 0.6237 0.5800 
0.100 0.9689 0.8807 0.7888 0.7212 0.6569 0.6132 
0.151 0.9942 0.9139 0.8220 0.7544 0.6901 0.6464 
0.204 1.0253 0.9471 0.8552 0.7876 0.7233 0.6796 
0.256 1.0585 0.9803 0.8884 0.8208 0.7565 0.7128 
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Fig 3^a) Viscosity (i)xlO'^ / N.s.m'^ ) of L-Histidine in 0.5 M aqueous lirea solution as function of concentration 
and temperature. 
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Fig 3.S(b) Viscosity (i|il0 / Nj.m'') of L-Arginine in 0.5 M aqueous Urea solution as function of concentration 
and temperature. 
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Fig 3.5(c) Viscosity {i\xW I N.s.m') of L-Lysine monohydrochloride in 0.5 M aqueous 
Urea solution as function of concentration and temperature. 
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The forces of attraction, which the moving zwitterions have to 
overcome, intrinsically decrease with increase in random motions of 
ions as temperature increases. This may cause the fast movements of 
ions and zwitterions into the empty sites. The increase in temperature 
increases the kinetic energy of molecules, which in turn decreases the 
ion-ion and zwitterions interactions. The decreased interactions result 
in decrease of viscosity with increasing temperature. The ratio of 
solution to solvent viscosity (rj/rio) is 
Tlr = r|/rio (iv) 
the relative viscosity (r|r). Relative viscosity is an intrinsic property of 
solution, which depends on nature and number of molecules in 
solution. 
The calculated values of r|r are listed in table 3.6(a-c), r]r values 
were found to increase with increase in concentration of amino acids 
in aqueous urea solution but there is no regular trend with temperature. 
The change in viscosity is generally expressed in terms of 
specific viscosity [r|sp]. 
risp = Tj/Tlo - 1 (v) 
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As the concentration of solute in the solution increases, the 
specific viscosity [table 3.7(a-c)] also increases but does not show 
proper trend with temperature. The increasing values of rjsp with 
concentration are due to increase in ion-ion interaction .Viscosity data 
can also be presented in a different way. One of the methods of the 
experimental results presentation, for different polymer systems, 
consists of using reduced variables. In case of the viscosity-
concentration dependence, this parameter is a dimensionless quantity 
[riJc, where [r|] is intrinsic viscosity and c is solute concentration. The 
intrinsic viscosity is given as 
h ] = JiS Tlsp/C 
The principal method of determination of the magnitude of 
intrinsic viscosity consists of plotting the r|sp/c against concentration 
and extrapolating it to obtain the intercept, which is equal to [r\]. 
The temperature and concentration effects on the kinematic viscosity 
have been investigated. The intrinsic viscosities (r|) were computed by 
the least square method, using the following relation: 
rired = [TI] + K [ri]^c (vi) 
Where, K is Huggins's Constant. 
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Table 3.6(a) Relative viscosity ( r|r /iixlO' N.s.m") of L-Histidine in 0.5 M 
aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.048 1.0165 1.0142 1.0145 1.0113 1.0192 1.0291 
0.099 1.0421 1.0425 1.0496 1.0603 1.0653 1.0706 
0.149 1.0789 1.0833 1.0948 1.0950 1.1198 1.1303 
0.203 1.1156 1.1240 1.1263 1.1444 1.1742 1.1899 
0.255 1.1289 1.1524 1.1714 1.1937 1.2121 1.2495 
Table 3.6(b) Relative viscosity ( % /iixlO N.s.m" ) of L-Arginine in 0.5 M 
aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.0730 1.0258 1.0170 1.0397 1.0248 1.0436 
0.100 1.1097 1.0664 1.0620 1.0739 1.0743 1.1031 
0.151 1.1458 1.1070 1.1072 1.1231 1.1333 1.1444 
0.204 1.1830 1.1477 1.1521 1.1573 1.1876 1.2038 
0.256 1.2085 1.1883 1.1971 1.2065 1.2229 1.2633 
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Table 3.6(c) Relative viscosity (rir /rixlO" N.s.m") of L-Lysine 
monohydrochloride in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
m/ Temperature/K 
moLkg-^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.0904 1.0492 1.0373 1.0375 1.0321 1.0511 
0.100 1.1386 1.0903 1.0809 1.0815 1.0870 1.1112 
0.151 1.1669 1.1314 1.1285 1.1313 1.1419 1.1714 
0.204 1.2017 1.1725 1.1710 1.1811 1.1969 1.2316 
0.256 1.2388 1.2136 1.2116 1.2309 1.2518 1.2917 
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Fig 3.6 (a) Relative viscosity( r\r\ 10'^  N.s.in'^ ) of L-Histidine in 0.5 IM aqueous Urea 
solution as function of concentration and temperature. 
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Fig 3.6(b) Relative viscosity (% Ixplff' N.s.ni"^ ) of L-Argininc in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
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Fig 3.6(c) Rditive viscosity (t), lx\x\0'' N.s.m"^ ) of L-Lysine monohydrochloride In 0.5 M aqueous Urea solution 
as functions of concentration and temperature. 
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Table 3.7(a) Specific viscosity,( risp/r|xlO N.s.m' ) of L-Histidine in 0.5 M 
aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.048 1.6537 1.6258 1.8693 1.9354 1.9216 2.9162 
0.099 4.2152 4.2592 4.9610 6.0731 6.0395 7.0631 
0.149 7.8995 8.3390 9.4862 9.5075 8.9840 13.0345 
0.203 11.5694 12.4008 12.6321 14.4413 14.4281 18.9954 
0.255 12.8985 15.2476 17.1421 19.3796 18.9717 24.9584 
Table 3.7(b) Specific viscosity, (T]sp/r|xl0"^  N.s.m"^) of L-Arginine in 0.5 M 
aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
molkg'^ 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 7.3048 2.5801 1.7065 3.9766 3.9866 4.3687 
0.100 10.9755 6.6464 6.2069 7.3902 7.4361 10.3198 
0.151 14.5870 10.7086 10.6839 12.03129 13.3323 14.4431 
0.204 18.3044 14.7740 14.2186 15.7352 18.7627 20.3863 
0.256 20.8501 18.8355 18.7110 20.6510 22.2996 26.3390 
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Table 3.7(c) Specific viscosity, (risp/rixlO"^  N.s.m" )^ of L-Lysine 
monohydrochloride in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
m/ Temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 9.0449 4.9240 3.7312 3.8769 3.2151 5.1128 
0.100 13.8633 9.0343 8.2929 8.1512 8.7087 11.1229 
0.151 16.6987 13.1455 12.8509 13.1395 14.1997 17.1451 
0.204 20.1753 17.2501 17.2029 18.1177 19.6952 23.1653 
0.256 23.8886 21.3603 21.9678 23.0919 25.1836 29.1794 
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Fig 3.7(a) Specific viscosity,( T\^p \ 10' N.s.111' ) of L-His(idine in 0.5 M aqueous Urea solution as function of 
concentration and temperature. 
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Fig 3.7(b) Specific viscosity, ( l |^ x 10" N.s.ni' ) of L-Arginine in 0.5 M aqueous Urea solution as function of 
concentration and temperature. 
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Fig 3.7(c) Specific viscosity, (T|,p x 10^ ^ N.$.m )^ of L-Lysine monoliydrochloride in 0.S M aqueous Urea solution 
as function of concentration and temperature. 
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Table 3.8 The numerical values of the Intrinsic Viscosity ([r|]/ m .^kg"') and 
Huggins coefficient (K) for a -amino acid in presence of Aqueous solution 
of Urea as function of temperatures. 
Temp. (K) 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
298.15 
303.15 
308.15 
313.15 
318.15 
323.15 
hi 
L-Lysine monohydroehloride 
0.7392 
0.7972 
0.7652 
1.1654 
1.5044 
1.0479 
L-Arginine 
0.8075 
0.5283 
0.3846 
0.7766 
0.50268 
0.9073 
L-Histidine 
1.2276 
1.6904 
2.5986 
2.2932 
3.1576 
1.9334 
K 
2.189 
0.3876 
0.4342 
0.6494 
0.6570 
0.4336 
0.7786 
0.0956 
1.6744 
0.0696 
1.8516 
0.4908 
0.3051 
0.2509 
0.1191 
0.2474 
0.2053 
0.5315 
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The relative viscosity rjr of the system can be analyzed using the 
Jones-Dole equation [42] 
rir == ri/r|o = l+Am'"^  +Bm (vii) 
Where T) and TJO are viscosity of solution (urea+water+amino 
acids) and solvent (urea +water), respectively, C is the molarity of 
amino acids (mol.m'^). A and B are the Falkenhagen and Jones -
Dole coefficients, respectively. Values of A and B coefficient were 
obtained from the intercepts and slopes of plots of ( r|r-l) /m ' versus 
m. These values are collected in table 3.9. A-coefficient measures the 
size and shape effects as well as the structural effects induced by 
solute-solvent interactions, whereas B-coeficient is the measure of 
order or disorder introduced by the solute into solvent structure. This 
constant is specific and is an approximately additive property of ions 
of an electrolyte at a given temperature although no satisfactory 
theoretical treatment has yet been given. 
Larger and positive values of B-coefficient indicates that the 
ion-solvent interactions are strong, thus showing structure making 
property of these amino acids. The sign of dB/dT values gives 
important information regarding the structure-making and structure-
breaking roles of solute in the solvent [43-44]. A perusal of Table 3.9 
197 
shows that the B-values of all amino acids increase with increasing 
temperature. So its derivative of temperature dB/dT is positive. We 
can classify these amino acids as structure breaker in urea-water 
mixtures. The charged groups of all amino acids influence 
electrostatically the surrounding water resulting in the breaking of the 
solvent structure. 
Erying and coworkers [45] proposed that the free energy of activation 
of viscous flow AG could be calculated from the following equation: 
r, = hNA^n, e^ ^^ *^ '^ ^^  (viii) 
Where, 
h = planck's constant 
N = Avagadro's number 
R = universal gas constant 
Vm = Molar volume of the mixture 
Molar volume of the mixture has been calculated from the 
corresponding mixture densities by the following relation: 
Kn = L ^ ^-=1,2,3 (ix) 
The activation energies AG* for viscous flow of the solute at different 
temperatures have been calculated using the relation: 
AG* = AH*-TAS* (x) 
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Where, 
AH* = Enthalpy of activation for the viscous flow of solute. 
AS* = Entropy of activation for the viscous flow of solute. 
From equation (viii) and (x), we get, 
AG* = RT In hN 
=AH*-TAS* (xi) 
Bv plotting RT In ^ ^ vs. T x lO'l we found that the plots show a 
hN 
quite linear trend. From these linear plots AH*values have been 
obtained from the slopes, while AS* values from intercepts. 
By putting the values of AH*and AS*in equation (x) we can 
evaluate the free energy of activation AG* at different temperatures. 
The values of RT In -^ -^ ^ are collected in Table 3.10(a-c). The values 
hN ^ ' 
of RT In —— shows an increasing trend with temperature and 
concentration [fig 3.10(a-c)], which suggest that the mechanism of 
viscous flow for these systems is a thermally activated single step 
process. 
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Table 3.9 A and B coefficient of a-amino acids in 0.5M aqueous Urea 
solution as function of termperatures. 
L-Arginine L-Histidine 
L-Lysine 
monohydrochloride 
Temp./K A B A B A B 
298.15 1.0617 0.6945 1.0430 0.6645 0.9888 0.5757 
303.15 1.0108 0.7933 0.9878 0.7843 0.9782 0.6909 
308.15 0.9947 0.8796 0.9749 0.8692 0.9689 0.7921 
313.15 0.9851 0.9613 0.9968 0.8843 0.9694 0.8660 
318.15 0.9807 1.0603 0.9781 0.9871 0.9651 0.9933 
323.15 0.9948 1.1613 0.9931 1.0428 0.9694 1.0816 
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Fig 3.9 B coefficient of a-amino acids in O.SM aqueous Urea solution at different 
temperatures. 
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Table 3.10(a) RTln( r|Vm/hN) (kj.mole"') for L-Histidine in 0.5 M aqueous 
Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.k* 0.29815 0.30315 0.30815 0.31315 0.31815 0.32315 
0.048 64.53 65.34 66.15 66.96 67.78 68.59 
0.099 64.62 65.46 66.29 67.12 67.95 68.78 
0.149 64.74 65.58 66.42 67.27 68.11 68.96 
0.203 64.81 65.66 66.51 67.36 68.22 69.07 
0.255 64.93 65.79 66.66 67.53 68.40 69.27 
Table 3.10(b) RTln( r|Vni/hN) (kj.mole'') for L-Arginine in 0.5 M aqueous 
Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg* 0.29815 0.30315 0.30815 0.31315 0.31815 0.32315 
0.049 64.89 65.71 66.54 67.37 68.20 69.03 
0.100 64.97 65.81 66.65 67.49 68.34 69.29 
0.151 65.64 66.50 67.35 68.21 69.06 69.92 
0.204 65.80 66.67 67.54 68.41 69.28 70.15 
0.256 66.10 66.97 67.85 68.73 69.60 70.48 
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Table 3.10(c) RTln( iiVm/hN) (KJmole"') for L-lysine monohydrochloride 
in 0.5 M aqueous Urea solution as functions of concentration and 
temperature. 
m/ Temperature/K 
moLkg"^  0.29815 0.30315 0.30815 0.31315 0.31815 0.32315 
0.049 65.05 65.88 66.72 67.55 68.39 69.23 
0.100 65.10 65.95 66.80 67.64 68.49 69.33 
0.151 65.20 66.06 66.92 67.78 68.64 69.51 
0.204 65.27 66.14 67.01 67.89 68.76 69.63 
0.256 65.35 66.23 67.11 67.99 68.87 69.76 
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Fig 3.10(a) RTIn( i | V ^ N ) Vs TilO for L-Histidine in 0.5 M aqueous Urea solution as function of concentration 
and temperature. 
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Fig 3.10(b) RTIo( i | V ^ N ) Vs TilO for l^Argininc in 0.5 M aqueous Urea solution as function of concentration 
and temperature. 
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Rg 3.10(c) RTIn( nVJhN) Vs TilO^ for L-ly sine monohydrochloride in 0.S M aqueous Urea solution as function 
of concentration and temperature. 
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Table 3.11(a) Free Energy of Activation for viscous flow AG*(kj.mor') of 
L-Histidine in 0.5 M aqueous Urea solution as functions of concentration 
and temperature. 
m/ Temperature/K 
mol.k-^  298.15 303.15 308.15 313.15 318.15 323.15 
0.048 64.54 65.36 66.16 66.96 67.76 68.63 
0.099 64.60 65.45 66.22 67.09 67.90 68.78 
0.149 64.68 65.54 66.36 67.20 68.04 68.92 
0.203 64.76 65.63 66.46 67.32 68.16 69.06 
0.255 64.81 65.73 66.56 67.43 68.28 69.19 
Table 3.11(b) Free Energy of Activation for viscous flow AG*(kj.mor ) of 
L-Arginine in 0.5 M aqueous Urea solution as functions of concentration 
and temperature. 
m/ Temperature/K 
mol.kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 64^91 65?74 66.54 67.38 68.20 69.07 
0.100 64.99 65.83 66.65 67.50 68.33 69.22 
0.151 65.06 65.92 66.75 67.61 68.45 69.36 
0.204 65.13 66.00 66.85 67.72 68.57 69.49 
0.256 65.20 66.09 66.94 67.82 68.69 69.61 
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Table 3.11(c) Free Energy of Activation for viscous flow AG*(kj.mor') of 
L-lysine monohydrochloride in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 65.07 6191 66?71 67.56 68.38 69.27 
0.100 65.15 66.00 66.82 67.67 68.51 69.41 
0.151 65.21 66.09 66.92 67.78 68.64 69.54 
0.204 65.28 66.17 67.01 67.89 68.75 69.67 
0.256 65.35 66.26 67.10 67.98 68.86 69.79 
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Fig 3.11(a) Free Energy of Activation for viscous flow AG*(kj.moH) of L-Histidine in 0.5 M aqueous Urea 
solution as function of concentration and temperature. 
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Fig 3.11(b) Free Energy of Activation for viscous flow AG*(kj.nial~) of L-Argininc in 0.5 M aqueous Urea 
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Fig 3.11(c) Fret Energy of Activation for viscous flow AG*(l(j.nior ) of l^lysine monohydrochloridc in 0.5 M 
aqueous Urea solution as fiinction of concentration and temperature. 
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Table 3.12 Entropy (AS2°V kj.mole"') and enthalpy (AH2 / kj.mole") of a-
amino acids in 0.5M aqueous Urea solution as functions of concentration. 
Molality (mole.Kg"') 
0.049 
0.100 
0.151 
0.204 
0.256 
0.049 
0.100 
0.151 
0.204 
0.256 
0.048 
0.099 
0.149 
0.203 
0.255 
AS2°*(kj.mole') 
L-Lysine 
monohydrochloride 
-167.20 
-169.60 
-172.34 
-174.68 
-176.45 
L-Arginine 
-165.82 
-168.57 
-171.14 
-173.60 
-175.60 
L-Histidine 
-162.57 
-166.40 
-168.80 
-170.00 
-173.82 
AH2°* (kj.mole"') 
15.2093 
14.5737 
13.8250 
13.1955 
12.7402 
15.4587 
14.7199 
14.6261 
13.3645 
12.8415 
16.0655 
14.9811 
14.3522 
14.0811 
13.0001 
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The change in Gibbs free energy can be interpreted on the basis of 
Stability of urea. The values of AG are collected in tables 3.11(a-c). 
Fig 3.11(a-c) shows that AG is greater and increases with 
temperature. The positive values of AG shows that the formation of 
the transition state is less favored in the presence of these systems, 
meaning that the formation of the transition state is accompanied by 
the breaking and distortion of intermolecular bonds. 
The values of AH* and AS* are given in table 3.12(a-c). The values of 
thermodynamic parameters of activation for the viscous flow, viz. 
AG , AS and AH , clearly indicate a macroscopic relaxation process. 
For all the systems, AH values are positive and decrease with increase 
in solute concentration while AS values are negative. At higher 
temperatures and high solute concentrations, the availability of 
randomly scattered monomers should be sufficient to provide the 
activated molecular species which then leads to comparatively 
increased order as a result of viscous flow, giving the more negative 
AS values. Negative values of entropy of activation suggest that the 
attainment of transition state for viscous flow is accompanied by bond 
formation and increase in order. 
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INTRODUCTION 
Numerous studies have been made to investigate new 
dimensions of chemical science with biological systems. The positive 
results of investigations in the field of physico-chemical studies of 
proteins have attracted the interests of many researches globally. In 
view of the fundamental interest in the studies of structural dynamics 
of proteins, efforts were made to reveal the molecular mechanism of 
biological activity related to "structure - function" relationship and in 
understanding protein recognition. 
The bonds responsible for stability of secondary, tertiary and 
quaternary structure of protein were broken by heat and chemical 
denaturants like urea, sodium dodecyl sulphate (SDS) and guanidium 
hydrochloride (Gdn Hcl). 
Aqueous urea and its derivatives are important mixed solvents. 
They have been the subject of numerous investigations, which have 
ranged widely in scope and purpose [1-2]. Urea and its derivatives are 
well characterized in water and act as a statistical structure breaker. 
From the results of interactions of guanidine hydrochloride, urea and 
its alkyl derivatives upon the structure of water, it was concluded that 
guanidine hydrochloride and urea molecules behave as a structure 
breaker for liquid water [3-7]. The structure of urea + water mixture is 
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of great importance in understanding the protein denaturation. It is 
generally accepted tliat urea does not appreciably interact with either 
hydrophobic or hydrophilic molecules or groups and acts mainly to 
disrupt hydrogen bonding among water molecules in aqueous 
medium. Amino acids have been used widely as model compounds 
because they represent the fundamental substances for building protein 
[8-14]. However, it is recognized that amino acids in aqueous solution 
have two oppositely charged carboxyl and amino groups that may 
interfere with the hydration of the adjacent amino acid side chains. 
Thus, amino acids are necessarily the suitable model compounds for 
understanding the group contributions to the thermodynamic 
properties of protein hydration. 
As urea is found in almost every living animal, the present 
study was considered as a mimic to the biological system. In fact, 
many studies on the thermodynamic properties of amino acids in 
aqueous solution have been reported in the past [15-19] but very few 
in aqueous urea solution [20-23]. A literature survey reveals that 
measurements on solvent velocity parameters are scare [24-25]. The 
increase in the use of ultrasonic waves for medical purposes creates 
the need for continuous research in the field of ultrasonic 
characteristic of various biological media. Ultrasonic investigation in 
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aqueous solution of electrolytes and non-electrolytes with amino acids 
provides useful information about intramolecular and intermolecular 
association, complex formation and related structural change. 
Ultrasonic velocity data as such provide information about the nature 
and relative strength of various types of intermolecular / interionic 
interactions, but the derived parameters such as isentropic 
compressibility (Ks), change in isentropic compressibility (AKs), 
relative change in isentropic compressibility (AKr), relative 
association (RA), specific acoustic impedence (Z), and apparent molal 
isentropic compressibility ((t)ks) provide a basis for understanding the 
type and the extent of intermolecular interactions, such as weak or 
strong or no interaction at all and may throw some light quantitatively 
on the mechanism of intermolecular processes. 
This chapter focuses on the ultrasonic studies of a-amino acids 
L-lysine monohydrochloride, L-Alginine and L-Histidine in aqueous 
solution of urea as fiinction of concentration and temperature. 
RESULT AND DISCUSSION 
The ultrasonic velocities of aqueous urea solution with different 
amino acids are listed in table 4.1 (a-c) at various temperatures for 
each of the composition studied. The ultrasonic velocities in these 
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solutions are plotted against concentration at various temperatures 
[fig-4.1 (a-c)]. The plots show increase in the values of ultrasonic 
velocity with increase in temperature and molal concentration of 
amino acids. This increase in ultrasonic velocity in aqueous urea 
solution may be attributed to the overall increase of cohesion brought 
about by the solute-solute, solute-solvent and solvent-solvent 
interactions in solutions. Similar trends of variation of ultrasonic 
velocity have been reported by other authors [26-30]. 
Deviation in sound velocity is obtained by the following 
expression 
Au = u-Uo (i) 
The table 4.2 (a-c) reveals that there is an increase in deviation 
in sound velocity (Au) values with concentration and decrease with 
temperature. 
Isentropic compressibility of solution is an essential physical 
characteristic reflecting intermolecular interactions and dynamic 
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Table 4.1(a) Ultrasonic velocities (u /ms'*) of L-Histidine in 0.5 M aqueous 
Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1510.10 1521.28 1531.13 1539.19 1546.04 1551.59 
0.048 1514.78 1525.88 1535.57 1543.55 1550.36 1555.76 
0.099 1518.07 1529.13 1538.54 1546.51 1553.09 1558.34 
0.149 1522.63 1533.00 1541.25 1550.07 1556.48 1561.68 
0.203 1526.36 1536.92 1546.11 1553.71 1560.03 1565.16 
0.255 1530.76 1541.90 1550.73 1558.18 1564.29 1569.12 
Table 4.1(b) Ultrasonic velocities (u /ms"') of L-Arginine in 0.5 M aqueous 
Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg'* 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1510.10 1521.28 1531.13 1539.19 1546.04 1551.59 
0.049 1515.76 1526.84 1536.58 1544.53 1551.28 1556.67 
0.100 1519.55 1530.71 1540.04 1547.94 1554.47 1559.70 
0.151 1524.90 1535.74 1544.79 1552.48 1558.83 1563.93 
0.204 1528.78 1539.72 1549.36 1556.89 1563.06 1567.94 
0.256 1533.72 1544.50 1553.97 1561.25 1567.26 1572.04 
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Table 4.1(c) Ultrasonic velocities (u /ms"') of L-Lysine monohydrochloride 
in 0.5 M aqueous Urea solution as functions of concentration and 
temperature. 
m/ Temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1510.10 1521.28 1531.13 1539.19 1546.04 1551.59 
0.049 1515.99 1527.07 1536.82 1544.76 1551.54 1557.02 
0.100 1520.00 1531.04 1540.75 1548.70 1555.03 1560.36 
0.151 1525.35 1536.51 1545.67 1552.99 1559.16 1564.31 
0.204 1529.23 1540.29 1549.98 1557.64 1563.88 1568.02 
0.256 1534.00 1544.38 1554.07 1561.95 1567.97 1572.94 
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Fig 4.1(a) Ultrasonic velocities (u /ms') of UHistidine in O.S M aqueous Urea solution as functions of 
concentration and temperature. 
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Fig 4.1(b) Ultrasonic velocities (u /ms') of L-Arginine in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
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Fig 4.1(c) Ultrasonic velocities (u /ms') of L-Lysine monohydrochloride In 0.5 M aqueous Urea solution as 
functions of concentration and temperature. 
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Table 4.2(a) Deviation in sound velocity (Au /ms'') of of L-Histidine in 0.5 
M aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg'' 298.15 303.15 308.15 313.15 318.15 323.15 
0.048 4^68 4^60 4^44 436 432 4A1 
0.099 7.95 7.85 7.51 7.32 7.05 6.75 
0.149 12.53 11.72 10.92 10.88 10.44 10.09 
0.203 16.26 15.64 15.08 14.52 13.99 13.51 
0.255 20.66 20.62 19.70 18.99 18.25 17.53 
Table 4.2(b) Deviation in sound velocity (Au /ms'') of of L-Arginine in 0.5 
M aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg"^  298.15 303.15 308.15 313.15 318.15 323.15 
0.049 5^ 66 5^ 56 5^ 45 534 524 5.08 
0.100 9.45 9.43 8.91 8.75 8.43 8.11 
0.151 14.80 14.46 13.66 13.29 12.79 12.34 
0.204 18.68 18.44 18.23 17.70 17.02 16.35 
0.256 23.62 23.22 22.84 22.06 21.22 20.45 
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Table 4.2(c) Deviation in sound velocity (Au /ms"') of L-Lysine 
monohydrochloride in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 5^ 89 5J9 5^ 69 5J7 5^ 50 543 
0.100 9.90 9.76 9.62 9.51 8.99 8.77 
0.151 15.25 15.23 14.54 13.80 13.12 12.72 
0.204 19.13 19.01 18.85 18.45 17.84 16.43 
0.256 23.90 23.10 22.94 22.76 21.93 21.35 
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processes occurring in solution. The Isentropic compressibility, Kg is 
calculated employing the data of sound velocity, u, and the density 'p' 
using the following Laplace equation. 
Ks=l/u 'p (ii) 
Table 4.3(a-c) reported that Isentropic compressibility (Ks) values 
decrease with increase in temperature. The compressibility decreases 
with increase in thermal breaking of the solvent components, which in 
turn results in greater attractive forces among the molecules of a 
solution. Further, there is decrease in Kg values with increase in 
concentration [fig. 4.3(a-c)] which may be due to increase in the 
solute-solvent interactions, which lead to a change in the ultrasonic 
velocity. The greater the attractive forces among the molecules of 
liquid, the smaller will be the compressibility. 
The study of change in isentropic compressibility, AKs would 
ultimately lead to a better understanding of the influence of solute-
solvent interaction on molecular configuration [31]. The change in 
isentropic compressibility values has been obtained using the 
following equation: 
AKs = Ks°-Ks (iii) 
227 
The AKs values have been Hsted in table 4.4(a-c). The values show 
linear relationship with concentration but do not show regular trend 
with temperature [fig. 4.4(a-c)]. As the concentration of the solution 
increases, there is a corresponding increase in the number of 
incompressible solute molecules which causes a decrease in 
compressibility values [32]. 
Relative change in isentropic compressibility is calculated by 
using the equation. 
AKr = AKs/Ks° (iv) 
Table 4.5 (a-c) represent the variation of relative change in isentropic 
compressibility (AKr) with concentration and temperature. All the 
figures show increase in A Kr with concentration, which may be 
attributed to an increase in the incompressible entities and increase in 
the solvation of such molecules. However, there is no regular trend 
with temperature. 
The product of density and ultrasonic velocity gives specific acoustic 
impedance 
Z = u X p (v) 
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Table 4.3(a) Isentropic compressibility, (KsXlO'Vm^N'') of L-Histidine in 
0.5 M aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 436 430 426 422 4^9 4A1 
0.048 4.32 4.27 4.22 4.19 4.16 4.14 
0.099 4.29 4.24 4.19 4.16 4.13 4.11 
0.149 4.26 4.21 4.17 4.13 4.11 4.09 
0.203 4.23 4.18 4.14 4.10 4.08 4.06 
0.255 4.19 4.14 4.10 4.07 4.05 4.03 
Table 4.3(b) Isentropic compressibility, (KsXlO'Vm^N'') of L-Arginine in 
0.5 M aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
moLkg'* 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 436 430 4^26 4^22 4T9 O T 
0.049 432 4.26 4.22 4.18 4.15 4.13 
0.100 4.28 4.23 4.19 4.15 4.13 4.11 
0.151 4.25 4.19 4.15 4.10 4.09 4.08 
0.204 4.21 4.16 4.11 4.08 4.06 4.05 
0.256 4.18 4.13 4.08 4.05 4.03 4.01 
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Table 4.3(c) Isentropic compressibility, ( K S X I O ' ^ W N ' ' ) of L-lysine 
monohydrochloride in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg"' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 436 430 426 4^22 4J19 4J7 
0.049 4.31 4.26 4.21 4.18 4.15 4.13 
0.100 4.28 4.23 4.18 4.15 4.12 4.10 
0.151 4.24 4.19 4.14 4.11 4.09 4.07 
0.204 4.21 4.16 4.11 4.08 4.06 4.04 
0.256 4.17 4.12 4.08 4.05 4.02 4.01 
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Fig 43(a) Isentropic compressibility, (Ks l^O'^ /m^Iv') of L-Histidine in 0.5 M aqueous trea solution as functions 
of concentration and temperature. 
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Fig 43(b) Isentropic compressibility, (Ksxio 7m N' ) of L-Arginine in 0.5 M aqueous Urea solution as functions 
of concentration and temperature. 
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Fig 4.3(c) Isentropic compressibility, (KsxIO'Vm^N ') of L-lysine monohydrochloride in 0.5 M aqueous Urn 
solution as functions of concentration and temperature. 
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Table 4.4(a) Change in Isentropic Compressibility, (AKsXlO'Vm^N'') of L-
Histidine in 0.5 M aqueous Urea solution as functions of concentration and 
temperature. 
m/ temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.048 43b 140 4?7b 126 153 3?79 
0.099 7.30 6.60 7.90 6.02 6.38 6.04 
0.149 10.60 9.90 9.30 9.50 8.21 8.10 
0.203 13.80 12.60 12.01 12.60 11.51 11.62 
0.255 17.60 16.10 16.82 15.72 14.32 14.01 
Table 4.4(b) Change in Isentropic Compressibility, (AKsXlO" /^m^N"') of L-
Arginine in 0.5 M aqueous Urea solution as functions of concentration and 
temperature. 
m/ Temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 4m 4^53 4m 4^0 4 J 1 4.80 
0.100 8.90 7.74 7.60 7.53 6.34 6.74 
0.151 11.70 11.21 11.99 12.59 10.16 9.74 
0.204 15.71 14.00 15.50 14.70 13.80 12.30 
0.256 18.40 17.50 18.50 17.60 16.70 16.30 
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Table 4.4(c) Change in Isentropic Compressibility, (AKsXlO'^ /m^N"') of L-
Lysine monohydrochloride in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
ml Temperature/K 
mol.kg'* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 5^5 4T0 5^5 4/71 4^ 09 4J0 
0.100 8.03 7.27 8.00 7.94 7.10 7.50 
0.151 12.85 11.63 12.41 11.20 10.99 10.40 
0.204 15.50 14.70 15.50 14.78 13.84 13.20 
0.256 19.70 18.10 18.50 17.40 17.20 16.88 
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Graph 4.4 (a) Change in isentropic Compressibility, (AKsxlO~ /m N') of L-Histidine in 0.5 
M aqueous I'rea solution as function of concentration and temperature. 
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Graph 4.4 (b) Change in isentropic Compressibility, (AKsx]0"'/m^lV') of L-Arginine in 0.5 M 
aqueous I'rea solution as function of concentration and temperature. 
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Fig 4.4(c) Change in Isentropic Compressibility, (AKsxlO~''/m V ) of L-Lysine monohydrochloride in 0.5 M 
aqueous Urea solution as functions of concentration and temperature. 
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Table 4.5(a) Relative change in isentropic compressibility,(AKrXlO' /m N") 
of L-Histidine in 0.5 M aqueous Urea solution as functions of concentration 
and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.048 8J0 8^ 60 8^ 90 8lo 8^ 40 8T8 
0.099 16.00 16.60 16.30 16.30 16.70 16.21 
0.149 24.10 24.60 24.30 27.30 22.90 22.12 
0.203 32.30 32.20 32.00 35.80 35.00 35.31 
0.255 44.90 44.40 44.00 42.50 42.90 42.01 
Table 4.5(b) Relative change in isentropic compressibility,(AKr><10" /^m^N'') 
of L-Arginine in 0.5 M aqueous Urea solution as functions of concentration 
and temperature. 
m/ Temperature/K 
moLkg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 9I7 9J0 9J8 9A7 9^ 54 9^ 59 
0.100 18.30 16.27 16.43 16.58 14.32 14.38 
0.151 25.22 25.58 25.82 28.43 23.86 21.58 
0.204 34.40 34.82 34.90 37.70 37.10 36.90 
0.256 45.90 45.40 45.10 48.56 48.50 46.32 
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ible 4.5(c) Relative change in isentropic compressibility,(AKrX 10" /m N" ) 
• L-Lysine monohydrochloride in 0.5 M aqueous Urea solution as 
inctions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 11.46 930 ILTO 947 9^4 9.59 
0.100 18.34 16.27 18.77 16.58 16.70 16.78 
0.151 27.50 25.50 28.11 26.00 23.80 23.98 
0.204 34.40 32.50 35.20 33.00 31.00 31.10 
0.256 43.50 41.80 42.20 40.28 40.57 38.36 
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Graph 4.5 (a) Relative change in isentropic compressibility, (AKrxlO"^/m^N"') of L-Histidine 
in O.S M aqueous Urea solution as function of concentration and temperature. 
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Graph 4.5 (b) Relative change in isentropic compressibility, (AKrxlO' /m N~ ) of L-Arginin 
in 0.5 M aqueous Urea solution as function of concentration and temperature. 
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Graph 4.5 (c) Relative change in isentropic compressibility, (AKr^lO'^/m^N"') of L-Lysine 
monohydrochloride in 0.5 IVI aqueous Urea solution as function of concentration and 
temperature. 
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Table 4.6(a) Specific acoustic impedance, (ZxlO^/Kg.m'^s'') of L-Histidine 
in 0.5 M aqueous Urea solution as functions of concentration and 
temperature. 
m/ Temperature/K 
moLkg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1517.80 1525.84 1533.12 1537.65 1541.40 1543.83 
0.048 1525.96 1533.93 1541.06 1545.52 1549.24 1551.52 
0.099 1532.89 1540.82 1547.69 1552.15 1555.65 1557.79 
0.149 1540.88 1548.16 1553.87 1559.20 1562.53 1564.63 
0.203 1548.33 1555.82 1562.46 1566.57 1569.82 1571.79 
0.255 1556.23 1564.32 1570.61 1574.57 1577.61 1579.35 
• - . ^ H m 
Table 4.6(b) Specific acoustic impedance, (Z^IO /Kg.m" s ' ) of L-Arginine 
in 0.5 M aqueous Urea solution as functions of concentration and 
temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1517.80 1525.84 1533.12 1537.65 1541.40 1543.83 
0.049 1526.67 1534.59 1542.11 1546.53 1550.19 1552.46 
0.100 1534.45 1542.49 1549.12 1553.68 1557.11 1559.23 
0.151 1543.21 1550.94 1557.45 1561.64 1564.90 1566.90 
0.204 1550.65 1558.52 1565.62 1569.65 1572.75 1574.52 
0.256 1559.02 1566.74 1573.70 1577.48 1580.42 1582.16 
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Table 4.6(c) Specific acoustic impedance, (ZxlO^/Kg.m'^s'') of L-Lysine 
monohydrochloride in 0.5 M aqueous Urea solution as functions of 
concentration and temperature. 
m/ Temperature/K 
mol.kg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.000 1517.80 1525.84 1533.12 1537.65 1541.40 1543.83 
0.049 1527.66 1535.62 1542.81 1547.23 1550.92 1553.28 
0.100 1535.71 1543.65 1550.82 1555.26 1558.51 1560.73 
0.151 1545.64 1553.11 1559.75 1563.56 1566.66 1568.70 
0.204 1552.96 1560.96 1568.11 1572.32 1575.49 1576.53 
0.256 1561.59 1568.92 1576.13 1580.55 1583.49 1585.36 
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Fig 4.6(a) Specific acoustic impedance, (ZxlO'/Kg.m'^s') of L-Histidine in 0.5 M aqueous Urea solution as 
functions of concentration and temperature. 
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Fig 4.6(b) Specific acoustic impedance, (Z>^10 /^Kg.m' s'') of L~Arginine in 0.5 M aqueous Urea solution as 
functions of concentration and temperature. 
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Fig 4.6(c) Specific acoustic impedance, (Zxl(r/Ke.m' s'') of L-Lysitte monohydrochloride in 0.5 M aqueous Urea 
solution as functions of concentration and temperature. 
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Table 4.7(a) Change in Specific acoustic impedance, (AZxlO /Kg.m' s ') of 
L-Histidine in 0.5 M aqueous Urea solution as functions of concentration 
and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.048 SA6 8^ 09 7^94 7^89 7^84 7^ 69 
0.099 15.07 14.98 14.57 14.50 14.25 13.96 
0.149 23.08 22.32 20.75 21.55 21.13 20.80 
0.203 30.53 29.98 29.34 28.92 28.42 27.96 
0.255 38.43 38.48 37.49 36.92 36.21 35.52 
Table 4.7(b) Change in Specific acoustic impedance, (AZxlO^/Kg.m"'^ s'^ ) of 
L-Arginine in 0.5 M aqueous Urea solution as functions of concentration 
and temperature. 
m/ Temperature/K 
moLkg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 O T 8/75 8^ 99 SM 8?79 8^ 63 
0.100 16.65 16.65 16.00 16.03 15.71 15.40 
0.151 25.41 25.10 24.33 23.99 23.50 23.07 
0.204 32.85 32.68 32.50 32.00 31.35 30.69 
0.256 41.22 40.98 40.58 39.83 39.02 38.27s 
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Table 4.7(c) Change in Specific acoustic impedance, (AZxlO /Kg.m" s" ) of 
L-Lysine monohydrochloride in 0.5 M aqueous Urea solution as functions 
of concentration and temperature. 
m/ Temperature/K 
moLkg-' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 9^86 9J8 9^69 9^58 9^52 9^ 54 
0.100 17.91 17.81 17.70 17.61 17.11 16.90 
0.151 27.24 27.27 26.63 25.91 25.26 24.87 
0.204 35.16 35.12 34.99 34.67 34.09 32.70 
0.256 43.79 43.08 43.01 42.90 42.09 41.53 
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Table 4.8(a) Relative association (RA) of L-histidine in 0.5 M aqueous 
Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
molckg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.048 1.00125 1.00128 1.00130 1.00135 1.00137 1.00141 
0.099 1.00281 1.00286 1.00297 1.00301 1.00300 1.00317 
0.149 1.00399 1.00430 1.00468 1.00454 1.00466 1.00476 
0.203 1.00565 1.00583 1.00601 1.00615 1.00630 1.00643 
0.255 1.00687 1.00693 1.00720 1.00738 1.00758 1.00777 
Table 4.8(b) Relative association (RA) of L-arginine in 0.5 M aqueous Urea 
solution as functions of concentration and temperature. 
m/ Temperature/K 
mol.kg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.00098 1.00102 1.00111 1.00114 1.00117 1.00122 
0.100 1.00250 1.00254 1.00265 1.00280 1.00279 1.00297 
0.151 1.00358 1.00354 1.00391 1.00402 1.00415 1.00427 
0.204 1.00492 1.00500 1.00521 1.00537 1.00555 1.00572 
0.256 1.00606 1.00629 1.00640 1.00662 1.00684 1.00700 
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Table 4.8(c) Relative association (RA) of L-Lysine monohydrochloride in 
0.5 M aqueous Urea solution as functions of concentration and temperature. 
m/ Temperature/K 
mole.kg-' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 1.00128 1.00132 1.00135 1.00133 1.00142 1.00144 
0.100 1.00302 1.00308 1.00306 1.00314 1.00327 1.00333 
0.151 1.00434 1.00444 1.00462 1.00481 1.00498 1.00510 
0.204 1.00613 1.00621 1.00627 1.00640 1.00657 1.00691 
0.256 1.00753 1.00777 1.00787 1.00796 1.00819 1.00836 
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Table 4.9(a) Apparent molal isentropic compressibility (^^^ x 10' / bar" m 
mol"') of L-histidine in 0.5 M aqueous Urea solution as functions of 
Concentration and Temperature 
m/ Temperature/K 
molckg' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 -16.20 -12.81 -16.02 -12.71 -12.62 -12.61 
0.099 -14.20 -12.62 -14.11 -12.40 -12.30 -12.31 
0.149 -13.73 -12.50 -12.42 -12.32 -11.21 -11.20 
0.203 -13.20 -12.30 -12.20 -11.13 -11.33 -11.32 
0.255 -13.61 -12.90 -12.81 -12.10 -11.43 -11.42 
Table 4.9(b) Apparent molal isentropic compressibility ((|)ks x 10'^  / bar"' m^ 
mol"') of L-arginine in 0.5 M aqueous Urea solution as functions of 
Concentration and Temperature 
m/ Temperature/K 
mole.kg-' 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 -18.70 -18.60 -18.53 -18.41 -18.31 -18.21 
0.100 -18.52 -16.51 -16.42 -16.31 -14.40 -14.42 
0.151 -17.10 -17.01 -16.90 -18.02 -15.51 -14.21 
0.204 -17.01 -16.21 -16.83 -16.01 -15.02 -14.10 
0.256 -16.61 -15.81 -16.41 -15.62 -14.83 -14.71 
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Table 4.9(c) Apparent molal isentropic compressibility ((|)ks x 10"^  / bar"' m 
mol'') of L-Lysine monohydrochloride in 0.5 M aqueous Urea solution as 
functions of Concentration and Temperature 
m/ Temperature/K 
molckg* 298.15 303.15 308.15 313.15 318.15 323.15 
0.049 -23.21 -19.03 -22.81 -18.91 -18.81 -18.71 
0.100 -19.05 -17.01 -18.72 -16.81 -16.73 -16.61 
0.151 -18.91 -17.52 -18.60 -17.31 -16.04 -15.92 
0.204 -17.81 -16.71 -17.51 -16.51 -15.51 -15.41 
0.256 -17.92 -17.02 -16.91 -16.13 -16.03 -15.20 
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it is observed that values of specific acoustic impedance, Z, [table 
4.6(a-c)] vary linearly with concentration of amino acids and 
temperature. This is in accordance with the equation in which 'Z' is 
directly proportional to ultrasonic velocity. 
The computed values of change in specific acoustic impedance (AZ) 
given in table 4.7(a-c),AZ values show similar behavior as Z values. 
The values of relative association (RA) parameter have been 
computed using the following equation. 
RA =p/po (uo/u)y^' (vi) 
where the terms have their usual meaning. RA is the property which is 
used to understand the interactions. RA values are influenced by two 
important factors. 
1. Breaking up of the associated solvent molecules on addition of 
solute in it. 
2. The solvation of solute molecules. 
The former leads to the decrease and latter to the increase of RA. 
In the present study, RA increases with increase in the concentration 
of amino acids [table 4.8(a-c)], which suggests the greater influence of 
second factor than the first. 
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The apparent molal isentropic compressibility, was calculated from 
the following given equation 
1000(KsPo-KOp) KsM 
^ mppo p ^ ^ 
The values obtained for (t)ks at different temperatures and 
concentrations [table 4.9(a-c)] shows that there is an increase in (|)ks 
values on addition of amino acids to the urea solution. It is found that 
(t)ks values obtained are all negative at different temperatures, which 
can be explained by postulating that C00~ groups of amino acids 
interact with surrounding water by hydrophilic interactions in such a 
way that the surrounding water loses is own compressibility to a 
certain extent and degree of organization of water molecules increases 
in the vicinity of amino acid. So it will be less compressible. 
252 
References 
1. Philip, R.R; Desnoyers, J.E. and Hades, A.; can. J. chem. 
1973,5, 187. 
2. Stokes, R.H; Aust. J. chem. 1967,20, 2087. 
3. Arakawa, K; and Takenaka, N; Bull. Chem. Soc. Jpn. 1967,40, 
2739. 
4. Sasaki, K; and Arakawa, K; Bull. Chem. Soc. Jpn. 1969, 42, 
2485. 
5. Arakawa, K; Takenaka, N; and Sassaki, K; Bull. Chem. Soc. 
Jpn.1970, 43, 636. 
6. Hammes, G; and Schimmer, P.R; J. Am. Chem. Soc.1967, 89, 
42. 
7. Lang, J; Tondre, D; and Zana, R; J. Phys. Chem. 1971,75, 
374. 
8. Duke et al., can. J. chem. 1994,72, 1489-1794. 
9. Hakin et al., can. J. chem. 1994,72, 362-368. 
10. Jolicoeur et al. can. J. chem. 1978,56, 2707-2713. 
11. Jolicoeur et al. can. J. solvation chem., 1986,15, 109-128. 
12. Kharakoz et al. Biophys. Chem. 1989,34, 115-125. 
13. Millero et al. J. Phys. Chem., 1978, 82, 784-792. 
253 
14. Ogawa et al. Bull. Chem. Soc. Jpn. 1984,57, 662-666. 
15. A.W. Hakim, M.M. Duke, S.A. Klassen, R.M. Mckay, K.E. 
Prenss, can. J. chem. 1994,72, 362. 
16. M.M. Duke, A.W. Hakin, R.M. Mckay, K.E. Prenss, can. J. 
chem.1994, 72, 1489. 
17. D.P. Kharakoz, J. Phys. Chem. 1991,95, 5634. 
18. D.P. Kharakoz, Biophys. Chem. 1989,34, 115. 
19. M. Kikuchi, M. Sakurai, K. Nitta, /. chem. Eng. Data. 1995,40, 
935. 
20. T. Ogawa, M. Yasuda, K. Mizutani, Bull. Chem. Soc. Jpn. 
1984,57, 662. 
21. C. Jolicocin, B. Riedl, D-Desrochers, L.L. Lemelin, R. 
Zamojska, O. Enea,J. Solution chem.l9S6, 15, 109. 
22. B.N. Waris, U. Hassan, S. Shrivastava, Indian J. c/jem.lOOl, 
partA40, 1218. 
23. T. Samanta, A. Ray, J. chem. Thermodyn.2006, 42, 262-266. 
24. S. Islam, B.N. Waris, ThermochemicaActa.2004, 424, 165-174. 
25. Ogawa et al. Bull. Chem. Soc. Jpn. 1984, 57, 662-666. 
26. F.Hirata and K. Arakawa, Bull. Chem.Soc.Jpn.1972,45,2715. 
27. S.Magazu,P.Migliardo,A.M.Musolino and M.T.Sciortino, 
J.Chem.Biophy. 1997,101,2348. 
254 
28. N.Rohman and S.Mohiuddin J.Chem.Soc,Faraday 
rr«m.l997,93,2053. 
29. R.Badarayani and A.Kumar, J.Chem.Thermodyn. 2003,35,897. 
30. S.Thirumaran and K.Sabu, J.Indian J.Pure 
Appl.Phys.2009,47,S7. 
31. Jolicoeur,C., and Boileau,J. Can J. Chem. 1978, 56, 2707. 
32. Uedaira, H., and Suzuki, Y. Bull. Chem.Soc.Jpn. 1979,52, 2787. 
255 
LIST OF PAPERS COMMUNICATED 
1. Viscometric and Volumetric Behaviour of a-Amino Acids in 
presence of Aqueous solution of Urea at different temperatures, 
(communicated) 
Nazia Malik and SaeedaNaqvi*, (J. Chem. Eng. Data) 
2. Volumetric and viscometric behaviors of different saccarides in 
aqueous solution of a-aminoacids at varying temperatures and 
concentrations, (communicated) 
Nazia Malik and Saeeda'NaqYi*,{Thermchem. Acta) 
